The preparation of aldimines through the Stephen reaction / by Tolbert, Tommy Lyle,
THE ÜNIVESSITY OF OMAHCMA 
GRADUATE COLLEGE
THE PREPARATION OF ALDIMINES THROUGH 
THE STEPHEN REACTION
A DISSERTATION 
SUBMITTED TO THE GRADUATE FACULTY 
in  p a r t i a l  f u l f i l lm e n t  o f  th e  re q u ire m e n ts  f o r  th e
d e g re e  o f  
DOCTOR OF PHILOSOPHY
BY
TCWff LYLE TOLBERT 
Norman, Oklahooa 
1958





The a u th o r  w ishes to  acknow ledge a p p re c ia t io n  to  D r. P . L. 
P ic k a rd  f o r  th e  su g g e s tio n  o f  t h i s  p rob lem , and to  e x p re s s  h is  
g r a t i tu d e  to  D r. B ruce H ouston, under whom t h i s  work was c a r r i e d  
o u t ,  fo r  h is  th o u g h tfu l  g u id an ce  and c o n s id e r a t io n  and th e  la rg e  
d eg ree  o f  freedom  w hich he g ra n te d .
His s in c e r e  a p p re c ia t io n  i s  ex tended  to  P h i l l i p s  P e tro leu m  
Company whose g r a n ts  made th i s  work p o s s ib le .
Be i s  g r a t e f u l  to  th e  f a c u l ty  and s t a f f  o f th e  D epartm ent 
o f  C hem istry  f o r  t h e i r  c o n f id e n c e , t h e i r  a s s i s ta n c e ,  and t h e i r  
f r ie n d s h ip .
table of contents
Page
LIST OF TABLES...............................................................................................................  v
LIST OF ILLUSTRATIONS...............................................................................................  v i
C hap ter
I .  INTRODUCTION...................................................................................................  1
I I .  EXPERIMENTAL...................................................................................................  14
I I I .  RELATED EXPERIMENTAL................................................................................  56
IV. DISCUSSION OF RESULTS................................................................................  60




T ab le  Page
I .  A ldehydes P rep ared  by th e  S tephen  R e a c t io n . .............................  I I
11. Com parison o f  Agents fo r  A ldim ine Complex D ecom position . 23
111. P h y s ic a l  C o n stan ts  o f  P re p a re d  A ld im in es ....................................  44
IV. D e r iv a t iv e s  o f  P rep ared  A ld im in e s ....................................................  46
V. C om parison o f  R eported  A ldim ine P h y s ic a l  C o n s ta n ts   67
V I. Y ie ld s  o f  A ldim ine I n te rm e d ia te s ,  A ld im in es , and
A ldim ine P o lym ers...............................................................................  69
LIST OF ILLUSTRATIONS 
F ig u re  Page
I .  Com parison o f  I n f r a - r e d  A b so rp tio n  S p e c tra  o f
B enzald im ine and I t s  P o lym ers ........................................................  30
I I .  Spectrum  I  -  I n f r a - r e d  A b so rp tio n  Spectrum  o f
B en za ld im in e ...............................................................................................  48
I I I .  Spectrum  I I  -  I n f r a - r e d  A b so rp tio n  Spectrum  o f
o -T o lu a ld im in e ..........................................................................................  49
IV. Spectrum  I I I  - I n f r a - r e d  A b so rp tio n  Spectrum  o f
p -T o lu a ld im in e ................................................................................    50
V. Spectrum  IV -  I n f r a - r e d  A b so rp tio n  Spectrum  of
o -C h lo ro b en z a ld im in e ............................................................................. 51
V I. Spectrum  V -  I n f r a - r e d  A b so rp tio n  Spectrum  o f
p -C h lo ro b e n z a ld im ln e ...................................................    52
V II . Spectrum  VI -  I n f r a - r e d  A b so rp tio n  Spectrum  o f
p -A ld im inobenzo ic  A c id ........................................................................ 53
V I I I .  Spectrum  V II -  I n f r a - r e d  A b so rp tio n  Spectrum  o f
•< -N a p h th y la c e ta ld im in e ...................................................................  54
IX. Spectrum  V III  -  I n f r a - r e d  A bso rp tion  Spectrum  o f
o -T ric h lo ro m e th y lb e n z a ld im in e ........................................................  55
v i




An la in *  can base be d e sc r ib e d  ss an o rg a n ic  compound w hich 
c o n ta in s  a doub le  bonded n it ro g e n  atom a t ta c h e d  to  a carbon  atom; th e  
hydrogen o f  th e  in in e  n it ro g e n  may o r  may no t be r e p la c e d . The unsub­
s t i t u t e d  seco n d ary  im ines (k e tim in e s )  have been v e ry  th o ro u g h ly  s tu d ie d , 
and a c o n s id e ra b le  number o f s u b s t i tu t e d  a ld im in e s  (prim ary  o r te rm in a l 
im ines) and k e tim in e s  have bean p rep a red  and c h a r a c te r iz e d .  The u nsub ­
s t i t u t e d  a ld im in e s ,  how ever, a re  a group o f  compounds which a re  so  
r e a c t iv e  and d i f f i c u l t  to  o b ta in  pu re  th a t  th e y  have rem ained r e l a t i v e l y  
un touched . This la c k  o f  a t t e n t io n  i s  no t due to  un im portance o r  r a r i t y ,  
fo r  th e se  im ines a re  in te rm e d ia te s  i n  some o f o rg a n ic  c h e m is try 's  w e ll 
known r e a c t io n s ,  b u t sim ply  due to  d i f f i c u l t i e s  in  i s o l a t i o n  and p u r i ­
f i c a t i o n  from th e  m ix tu re s  in  w hich th ey  a r e  form ed.
U sing a s  a  b a s is  o f analogy  th e  r e a c t io n s  o f  k e t im in e s , i t  
shou ld  be p o s s ib le  to  c h a r a c te r iz e  a ld im in es  by th e  ea se  w ith  w hich th ey  
a re  hyd ro ly sed  to  th e  a ld eh y d e ; by t h e i r  b a s ic  c h a ra c te r  as shown by 
th e  fo rm atio n  o f  s a l t s ;  by th e  rep lacem en t o f  hydrogen to  form N -sub- 
s t i t u t e d  d e r iv a t iv e s ,  and by t h e i r  u n s a tu r a t io n  as  shown by t h e i r
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hydro##R #tion  Co a n in o i.  Support o f C hit au p p o n ic lo n  com## from ch# 
re p o r te d  p r o p e r t i e e  o f th e  te rm in a l Im ines which have been p re p a re d . 
U n fo r tu n a te ly ,  t h i s  ev id en ce  is  somewhsc weak, s in c e  on ly  fo u r unsu b ­
s t i t u t e d  a ld im in e s  s r e  re p o r te d  and even th e se  have been  on ly  p a r t i a l l y  
c h a r a c te r i s e d .
The long  but. s p a rs e  h i s to r y  o f th e se  compounds b eg in s  in  1840 
w ith  th e  r e p o r t  o f  S. B t t l in g  (1 )  o f  th e  p re p a ra t io n  o f  s a l ic y la ld im in e  
as a p a r t  o f  a m e ta l com plex, w hich would tod ay  ba term ed a c h e l a te .  
S ine#  ch a t tim e a g re a t  d e a l o f r e s e a r c h  has been done on th i s  ty p e  o f  
com plex, b u t th e  a ld im in e s , as s u c h , have n ev er been i s o l a t e d .
A. R ey ch le r (2) o b ta in e d  a compound which he b e l ie v e d  to  be 
a c e t a l d i s in e  in  1884 by th e  d e h y d ra tio n  o f an K -hydroxy e th y la m in e -  
s i l v e r  n i t r a t e  com plex. K t r im e r  o f  th i s  compound was r e p o r te d ly  
o b ta in e d  by A. D elep lne  (3 ) in  1889 by r e a c t in g  th e  a p p ro p r ia te  a ldehyde 
w ith  ammonia and d e h y d ra tin g  “ room te m p era tu re  and a s p i r a t o r  p r e s s u re .  
A lthough a  s t a b l e ,  i s o la te d  im ine was no t o b ta in e d , th e  p i c r a t e  d e r iv a ­
t i v e  was r e p o r te d .  H. H. S t r a i n  (4 ) in  1932 was s u c c e s s fu l  in  o b ta in in g  
th i s  t r im e r  by a s im i la r  method and c la im ed  to  have i s o l a t e d  th e  monomer 
by d ry  d i s t i l l a t i o n  o f th e  t r im e r  and c h i l l i n g  th e  v a p o rs . The r e a c t io n s  
p ro v in g  th e  monomer, how ever, w ere c h i e f ly  th o se  o f an a ld eh y d e .
The h y d ro c h lo r id e  o f  b en za ld im in e  was p rep a red  in  1896 by M. 
Busch ( 5 ) .  This was accom plished  by th e  r e a c t io n  o f hydrobenzam ide, 
e th a n o l ,  and hydrogen c h lo r id e  t o  g iv e  th e  im ine h y d ro c h lo r id e  and 
e th y l  b e n z a c e ta l .  The r e a c t io n s  re p o r te d  fo r  th e  s a l t  a r e  th o s e  to  be 
ex p ec ted  from an im ine h y d ro c h lo r id e .  T h is  s a l t  was a g a in  r e p o r te d  in  
1925 by V. G rig n a rd  and R. E scou rrou  ( 6 ) .  An a tte m p t t o  i s o l a t e  b e n z a ld -
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im ine formed from th e  c a t a l y t i c  h y d ro g en a tio n  o f  th e  n i t r i l e  had been 
u n su c c e s s fu l due to  th e  im in e 's  i n s t a b i l i t y ,  b u t th e y  d id  r e p o r t  th e  
h y d ro c h lo r id e  o f  th e  im in e . However, th e  p h y s ic a l  c o n s ta n ts  d i f f e r e d  
m arkedly from th o s e  r e p o r te d  by Busch. Some p h y s ic a l  c o n s ta n ts  had been 
o b ta in ed  f o r  th e  u n s ta b le  im ine i t s e l f ,  and th e  work was r e p o r te d  a g a in  
by E scourrou  (7 ) in  1929. H. H. S t r a in  ( 8 ) ,  i n  1930, w orking  w ith  l iq u id  
ammonia in  an  a tte m p t to  p re p a re  ammino b ases  analogous to  th o s e  o f  
w a te r ,  o b ta in e d  hydrobenzam ide from th e  r e a c t io n  o f  b en za ldehyde  and 
l iq u id  ammonia; t h i s  r e a c te d  f u r th e r  w ith  ammonia to  g iv e  a c r y s t a l -  
l i z a b l e  o i l .  T h is  s u b s ta n c e  was b e lie v e d  to  be b e n z a ld im in e ; how ever, 
srnne o f  th e  r e a c t io n s  w hich S t r a i n  r e p o r ts  a re  u n l ik e  th o se  ex p ec ted  
from an im ine .
F h e n y la c e ta ld im in e  had been  p rep a red  in  th e  p re v io u s ly  
m entioned h y d ro g en a tio n s  c a r r i e d  ou t by G rig n ard  and E scou rrou  ( 6 , 7 ) .  
This im ine p roved  to  be r e l a t i v e l y  s t a b l e  and a f a i r l y  com plete  s e t  o f  
p h y s ic a l c o n s ta n ts  was d e te rm in e d .
By use  o f  W i l l s t a t t e r ' s  p la tin u m  b la c k  i n  anhydrous e th a n o l ,
E. D. K ohler and H. L. Drake (9 ) i n  1923 w ere s u c c e s s f u l  in  re d u c in g  
th e  c o rre sp o n d in g  n i t r o  compound to  d ip h e n y la c e ta ld im in e . T h is  com­
pound proved to  be a s o l i d ,  and a lth o u g h  i t  was q u i t e  r e a c t i v e ,  some 
p h y s ic a l c o n s ta n ts  w ere d e te rm in ed  and d e r iv a t iv e s  p re p a re d .
In  th e  m ost r e c e n t  r e p o r te d  work on a ld im in e s  th e  h y d ro c h lo r ­
id e  o f  «I- methoxy a c e ta ld im in e  was p re p a re d  by r e a c t io n  o f  e th a n o l ,  
a c e t o n i t r i l e ,  d ic h lo ro e th a n e ,  and hydrogen c h lo r id e .  The r e p o r t  was 
made by A. I .  G rav in  (1 0 ) in  1943.
I t  i s  s u r p r i s in g  t h a t ,  in  th e  118 y e a rs  o f  a c t iv e  o rg a n ic
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s y n th e s is  s in c e  th e  f i r s t  r e p o r t  o f  an a ld im in e  ty p e  compound, th e se  
su b s ta n c e s  whose m o le c u la r  form i s  w e ll known among o rgan ic  chem ists  
have n o t been  p re p a re d  and c h a r a c te r iz e d .  Such a problem i s  c h a l le n g ­
in g  and i s  p a r t i c u l a r l y  i n t e r e s t i n g  when one has a background in  
k e tim in e  c h e m is try ; fo r  t h i s  re a s o n  th e  p r e p a ra t io n  and c h a r a c te r i z a t i o n  
o f  a ld im in e s  w ere chosen as th e  s u b je c t s  o f  t h i s  d i s s e r t a t i o n .
Of th e  th r e e  methods of ap p roach  to  th e  sy n th e s is  w hich seemed 
most f e a s i b l e ,  h y d ro g en a tio n  o f  n i t r i l e s ,  m o d if ic a t io n  of a n  a ldeh y d e  
s y n th e s is  o f  th e  (àatterm ann ty p e , o r  m o d if ic a t io n  o f  th e  S tephen  a l d e ­
hyde s y n th e s i s ,  th e  l a s t  seemed b e s t .  The c h o ic e  was made due to  th e  
la rg e  amount o f  work w hich has been  done u s in g  th e  r e a c t io n  fo r  a ld e ­
hyde p r e p a r a t io n ,  th u s  making d a ta  on y i e l d s ,  s t a b i l i t y  of th e  i n t e r ­
m e d ia te s , e t c . ,  p l e n t i f u l ,  and due to  th e  e a se  o f  hand ling  to  which 
th e  r e a c t io n  seemed to  le n d  I t s e l f .
The S tephen  r e a c t io n  can  be s a id  to  c o n s is t  o f  th re e  s te p s :  
p r e p a r a t io n  o f  anhydrous s tan n o u s h a l id e ,  u se  o f  t h i s  s a l t  In  r e d u c t io n  
and com plex fo rm a tio n  w ith  an a p p ro p r ia te  n i t r i l e ,  and h y d ro ly s is  o f  
t h i s  com plex to  th e  a ld eh y d e . The r e a c t io n  can  be g e n e ra liz e d  and 
w r i t t e n :
RC5N 4- SnX2  d ry  ë th é f  [R-CH«NH.HX] 2  SnX^ -ÏÏÛH.» R-CH-0 + S a l t s
A lthough  th e re  has been c o n tro v e rsy  o v er y ie ld s  and r e l a t i v e  
v a lu e  o f  t h i s  r e a c t io n ,  th e  y ie ld s  a re  good ex ce p t In  c e r t a in  ca se s  o f  
s t ro n g  s t e r l c  a n d /o r  In d u c tiv e  e f f e c t s ,  and th e  method I s ,  g e n e ra l ly  
sp e a k in g , r e l i a b l e .
M o d if ic a tio n  of t h i s  r e a c t io n  to  p roduce  a ld im ines r a th e r  
th a n  a ld eh y d es  would r e q u ir e  o n ly  a  nonaqueous r a t h e r  than aqueous
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d«cooipo«lcion o f  ch# # t« b l#  mldimim# h y d ro halid#> ac#nn lc  h a lld #  
in c# rm #d iac# . Such m decom position  would l##v# ch# la in #  group i n t a c t  
and i t  th a n  would b# o n ly  a problem  o f i s o la t io n  and p u r i f i c a t i o n .
S in ce  th e  i n i t i a l  p re p a ra t io n  o f  th e  in te rm e d ia te  ia  a l l  im p o rtan t to
th e  eu cceas  o f  th e  l a t e r  e te p a ,  as much as p o a a ib le  shou ld  be known 
abou t com plex fo rm atio n  in  th e  S tephen r e a c t io n .  For th i s  rea so n  and 
in  o rd e r  to  g e t  an id e a  o f  th e  a p p l i c a b i l i t y  and b re a d th  o f  th e  r e a c t ­
io n , th e  work o f  S tephen  and l a t e r  w orkers was rev iew ed  c a r e f u l ly .
In  1925 Henry S tephen  (11) r e p o r te d  h is  new method o f  a ldehyde 
p r e p a r a t io n .  The method was to  c o n v e rt a n i t r i l e  in to  an a ldehyde by 
th e  a d d i t io n  o f  an e th e r  s o lu t io n  o f th e  n i t r i l e  to  a s o lu t io n  o f  
s tan n o u s  c h lo r id e  in  e th e r  s a tu r a te d  w ith  hydrogen c h lo r id e .  The 
n i t r i l e ,  com bining w ith  a m olecule  o f  hydrogen c h lo r id e ,  forms an im ido 
c h lo r id e  w hich is  th e n  reduced  to  th e  im ine by th e  s tan n o u s c h lo r id e .
The im ine h y d ro c h lo r id e , formed im m ed ia te ly , y ie ld s  aldehyde on h y d ro ­
l y s i s .
RCN + HCl ----- » RC(C1)=NH
RC(C1)=NH +■ SnCl2  + 2HCl ----- »■ RCH=HH'HCl -h SnCl^
RCfl«NH*HCl + H2 O ------» RCHO + NH4 CI
S tephen  r e p o r te d  t h a t ,  upon r e d u c t io n  o f  th e  n i t r i l e ,  th e  r e s u l t i n g  
a ld im in e  p r e c i p i t a t e d  as an a ld im in e  h y d ro c h lo r id e -s ta n n ic  c h lo r id e  
com plex o f th e  form; (RCH“NH«HCl>2 8 0 0 1 4 . The o r ig i n a l  r e p o r t  im p lie d  
th a t  th e  y ie ld s  o f  a ldehyde in  most ca se s  w ere v e ry  n e a r ly  q u a n t i t a t i v e ,  
b u t gave few a c tu a l  y ie ld s .  Subsequent s tu d ie s  o f  th e  method have 
shown th a t  in  c e r t a i n  ca se s  q u a n t i t a t iv e  y ie ld s  a r e  o b ta in e d , b u t ,  th a t  
in  many c a s e s ,  th e  y ie ld s  a re  c o n s id e ra b ly  le s s  th a n  one would ex p ec t
t r m  * report .
In  th #  « « r l l o r  work w#in* th i#  r e a c t io n ,  th e  p r e c lp lc a c lo n  o f  
th e  a ld in in a  n ta n n ic h lo r ld e  waa ta k en  aa a ataaaure o f  co o p lecaneaa  o f 
(he r e a c t io n .  L ie b e r  (1 2 ) ,  how ever, haa ahown t h a t ,  by v a ry in g  th e  
c o n d itio n *  of th e  r e a c t io n ,  a t  l e a a t  two d i f f e r e n t  com plexes can  be 
o b ta in e d , one of w hich ia  e th a r  a v lu b le .  I t  haa been f u r th e r  shown 
by K night and Zook (13 ) th a t  th e  p r e c i p i t a t e  o b ta in e d  nay no t bo th e  
p u re  a ld im in e  com plex as was p re v io u s ly  supposed , but r a th e r  a m ix tu re  
o f th e  com plex and th e  p ro d u c ts  o f  a s id e  r e a c t io n  betw een th e  im ine 
and n i t r i l e .  This r e a c t io n  can  be p o s tu la te d  as o c c u rr in g  in  th r e e  
s te p s :  r e a c t io n  o f th e  i a in e  w ith  two s u c c e s s iv e  m olecu les o f n i t r i l e ,
and , i f  w a te r is  p r e s e n t ,  r e a c t io n  w ith  two m o lecu les o f  w a te r . 
p U; i f « NH ; ^^ Cl " | ^ ' C= NCH ( NH 2 )I 9 ^ C1 ’
|l'C«NCH(NH2 ) 8 j'*’C l"  fl'C=NCHRNs6 R!l 2C l"
|l'£«NCHRN«èR'j2Cl* JllZ Ê* (R'C0NH2)CHR +  2 HCl 
S ince  y ie ld s  a r e  o f te n  c a lc u la te d  from th e  amount o f  p r e c i p i t a t e d  
complex i t  is  no t s u r p r i s in g  th a t  v a r i a t io n s  in  y ie ld  have been 
r e p o r te d .
In  a s tu d y  o f  th e  k in e t i c s  o f t h i s  r e a c t io n ,  T u rner (14 ) has 
shown th a t  th e  r a t e  (a n o th e r  c o n t r o v e r s i a l  p o in t )  o f  th e  r e a c t io n  depends 
on th e  c o n c e n tr a t io n s  o f a l l  th re e  r e a c t a n t s ,  n i t r i l e ,  s tan n o u s  c h lo r id e ,  
and hydrogen c h l o r i d e .  I t  was shown th a t  p r e c i p i t a t i o n  o f  th e  a ld im in e  
s t a n n ic h lo r id e  i s  th e  a c c e le r a t in g  f a c to r  and o f te n  th e  f a c to r  d r iv in g  
th e  r e a c t io n  t o  c o m p le tio n . Removing th e  im ine from th e  r e a c t io n  zone 
a l s o  s e rv e s  t o  h in d e r  th e  seco n d ary  r e a c t io n  m entioned  above. T u rn er 
was a l s o  a b le  to  show some s u r p r i s in g  e f f e c t s  on r e a c t io n  r a t e  by
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s u b s t i t u t i o n  on an a ro m a tic  n u c le u s . T h is  work te n d s  t o  su p p o rt th e  
f i r s t  s te p  In  a  mechanism proposed  by M eerweln (1 5 ) w hich was th e  form ­
a t io n  o f  a n l t r l l l u r o  s a l t  from th e  n i t r i l e  and c h lo ro s ta n n o u s  a c id :
R-CN +  H2 S n C ^  ------► gl-C=NH] ^  HSnCl^
Y ie ld s  o b ta in e d  from  th e  S tephen  r e a c t io n  v a ry  w id e ly , 
depend ing  on th e  s t r u c t u r e  o f  th e  n i t r i l e  u sed . A c e to n i t r i l e  end 
n - p r o p l o n l t r l l e  g iv e  poor y i e ld s ,  how ever, th e  y ie ld  from norm al a l i ­
p h a t ic  n i t r i l e s  In c re a s e s  m arkedly  w ith  c h a in  le n g th .  When u n s a tu r a t io n  
I s  In tro d u c e d  In to  th e  c h a in  o f a phenyl s u b s t i tu t e d  a l i p h a t i c  n i t r i l e ,  
th e  y ie ld  f a l l s  o f f  s h a rp ly  and c o n tin u e s  to  d e c re a se  w ith  In c re a s e  
In  th e  number o f  d o ub le  bonds In  th e  c h a in .  As an  exam ple, C^HgCRzCHCN, 
C5 H5 CH=CHCH=CHCN, and C^H^CH=CHCH=CHCH%IKN g iv e  y ie ld s  o f  40%, 10%, 
and a t r a c e  r e s p e c t iv e ly ,  (ki th e  o th e r  hand , an a ld eh y d e  can n o t be 
o b ta in e d  by t h i s  method from th e  u n s u b s t i tu te d  a l i p h a t i c  u n s a t ­
u r a te d  n i t r i l e ,  2 noneno lc  n i t r i l e .  Good to  e x c e l le n t  y ie ld s  o f  
a ldeh y d e  a re  o b ta in e d  from most a ro m a tic  n i t r i l e s .  E x cep tio n s  In  w hich 
th e  y ie ld  o f  an  aro m atic  a ldehyde  i s  low can  no t be e x p la in e d  e n t i r e l y  
by s t e r i c  o r  in d u c tiv e  e f f e c t s  bu t seem to  be caused  by a com bination  
o f  th e  two. R e la t iv e ly  few h e te r o c y c l ic  a ldehydes have been p re p a re d  
by th e  S tephen  m ethod; th e  y ie ld s  o f  th o s e  w hich have been  p rep a red  by 
t h i s  m ethod, how ever, a re  g e n e r a l ly  good. In  some c a se s  m o d if ic a t io n  
o f  th e  r e a c t io n  to  b e t t e r  f i t  th e  p r o p e r t i e s  o f  th e  p ro d u c t has le d  
to  s u c c e s s fu l  p re p a ra t io n  o f  d i f f i c u l t l y  p re p a re d  a ld e h y d e s .
M o d if ic a tio n s  o f  th e  S tephen  method have been  t r i e d  by a 
number o f  w o rk e rs . W lt t lg  and Hartman (16) o b ta in e d  much h ig h e r  y ie ld s  
In  c e r t a in  c a se s  by th e  u se  o f  s tan n o u s  brom ide and hydrogen brom ide.
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In  th e  in s ta n c e  o f th e  u n s a tu ra te d  compounds m entioned ab o v e , th e  
y ie ld  o f  CgH3 CH«CHCN in c re a s e d  25% and th e  y ie ld  o f  C^HsCH%HCH=CHCN 
in c re a s e d  40% w ith  t h i s  v a r i a t i o n .  S lo t t a  and K ether (17 ) w ere a ls o  
s u c c e s s fu l  in  m o d ify in g  th e  S tephen  p ro c e d u re , em ploying s tan n o u s  
c h lo r id e  p r e p a ra t io n s  c o n ta in in g  1 .4  to  1.5% w a te r . They had observed  
th a t  a b s o lu te ly  anhydrous s tan n o u s c h lo r id e  d id  no t d is s o lv e  in  hydro­
gen c h lo r id e  s a tu r a t e d  e t h e r ,  w h ile  a t r a c e  o f w a te r  made i t  co m p le te ly  
s o lu b le ;  y ie ld s  o f  80% to  90% a ld eh y d e  w ere o b ta in e d .
Excess hydrogen c h lo r id e  and a te m p era tu re  e le v a t io n  o f  
30-40°C above room te m p era tu re  in c re a s e d  y ie ld s  in  c e r t a in  c a se s  end 
le a d s  to  an in c re a s e d  r e a c t io n  r a t e  in  a l l  c a s e s .  No c o r r e l a t i o n  has 
been  found betw een th e  s o lv e n t  u s e d , th e  y ie ld  o b ta in e d , and th e  type 
n i t r i l e ,  b u t ,  i n  p re p a r in g  c e r t a i n  a ld e h y d e s , d ioxane (18) has been 
used  to  a g r e a t e r  ad v an tag e . S tep h en  (1 9 ) ,  h im s e lf ,  has r e c e n t ly  
su g g e s te d  th e  u se  o f e th y l  fo rm ate  o r  e th y l  a c e ta te  as a  s o lv e n t  to  
o b ta in  s l i g h t l y  improved y ie ld s .  The in c re a s e d  y ie ld s  in  th e s e  s o lv e n ts  
may be due o n ly  to  th e  e f f e c t  o f  th e  h ig h e r  r e f lu x  te m p era tu re  o f  th e  
s o lv e n t .  W i t t ig  and Hartmann (1 6 ) d id  some p re lim in a ry  work on th e  
e f f e c t  o f  r e p la c in g  s tan n o u s  c h lo r id e  w ith  chrom ous, v anadous, o r  
t i t a n o u s  c h lo r id e ;  a l l  were found in e f f e c t i v e .  A m o d if ic a t io n  w hich 
makes l i t t l e  change i n  y ie ld  b u t w hich  i s  im p o rtan t fo r  a  few s tu d ie s  
was developed  by T u rner (1 4 ) .  D e s ir in g  to  s tu d y  th e  k in e t i c s  o f  th e  
S tephen  r e a c t io n ,  he w ished to  acco m p lish  th e  r e d u c t io n  o f  th e  n i t r i l e  
i n  such  a way th a t  th e  a ld im in e  s ta n n ic h lo r id e  would n o t p r e c i p i t a t e  
o r ,  a t  l e a s t ,  w ould be  slow  in  p r e c i p i t a t i n g  and , more im p o r ta n t ,  he 
w anted th e  system  to  be homogeneous b e fo re  n i t r i l e  a d d i t io n .  Both
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aim# w are ach iev ed  when th e  s tan n o u s c h lo rld e -h y d ro g e n  c h lo r id e  s a t u ­
r a te d  e th e r  r e d u c t io n  m ix tu re  was re p la c e d  by a m ix tu re  o f  s tannous 
c h lo r id e  d ih y d ra te ,  e th e r  and a c e ty l  c h lo r id e .
T ab le  I  g iv e s  a  p a r t i a l  l i s t  o f  a ldehydes p re p a re d  by th e  
S tephen  m ethod.
Having a c c ep ted  th e  c h a lle n g e  o f  th e  p re p a ra t io n  and c h a r a c te r ­
i z a t i o n  o f  u n ttu b s t i tu te d  a ld im in es  and w ith  an approach  to  th e  s y n th e s is  
in  m ind, i t  was f e l t  t h a t  th e  problem  would b e s t  be so lv ed  in  th re e  
s t e p s .  I n i t i a l l y  a  method o f  p r e p a ra t io n  and i s o l a t i o n  would have to  
be d ev e lo p ed , th e  compounds th e n  would be c h a ra c te r iz e d  as co m p le te ly  
as p o s s ib le  by chem ical and in s tru m e n ta l m eans, and f i n a l l y ,  a  com pari­
son  o f  s t e r i c  and in d u c t iv e  e f f e c t s  in  th e  new im ines would be made.
The r e s u l t s  o f  t h i s  work a re  d e sc r ib e d  and d is c u s s e d  in  th e  fo llo w in g  
c h a p te r s .
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TABLE 1
ALDEHYDES WHICH HAVE BEEN PREPARED BY THE STEPHEN REACTION
A lip h âC ics Y ield R eferen ce
A cacaldchyd t 30% 14
o -P ro p an a l 23% 14
n -B u tan al 53% 14
n -P an can a l 61% 14
a -B u tan a l 25% 14
2 ,2  D im ethyl p ro p an a l 2 2 % 14
•C ( jj' -P h an o x y e th y l)  v a le ra ld e h y d e 38% 2 0
n -O ctan a l q u a n t ,* 1 1
n-D odecenal 8 8 % 12,13
n -T e tra d e c a n a l q u a n t ,* 1 1
n-H exadecenal q u a n t ,* 1 1
n -O ctad ecan a l q u a n t ,* 1 1
Iso c a p ra ld e h y d e 31% 2 1
p  -H ydroxyprop ional 0 2 1
y  -Phanoxy -  m athy lbuC yraldehyde 46,51% 22 ,23
r  -P h th a lim id o  A - m ethylbuK yraldahyde 54% 23
Y  -P h th a lim id o -b u ty ra ld a h y d a 74% 24
V -P henoxybu ty ra ldahyde 79% 25
5 -P h e n y lp e n ta d ie n a l 50% 16
Cinnaiayl a ld eh y d e 65,40% 1 6 ,2 6 ,2 7
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TABLE I  (C on tinued )
P h an y la ce ta ld eh y d e q u a n t .* ,  33% 1 1 , 2 1
|3 -P h en y lp ro p io n a ld eh y d e q u a n t .* 1 1
p  -C h lo ro p h en y lace ta ld e h y d e q u a n t .* 1 1
p -T o ly la c e ta ld e h y d e q u a n t .* 1 1
[J -P h en y lp ro p io n a l q u a n t .* 1 1
C ln n am y lid en aace ta ld eh y d e 10 , 50% 16,26
M alonaldehyde t e t r a e t h y l a c e t a l 35% 28
A rc o a tle s Y ie ld R eferen ce
exv -N aphthaldehyde q u a n t .* ,  20,7% 1 9 ,2 1 ,2 4
(3 -N aphthaldehyde 91% 21,29
2 , 7 -N ap h th a len ed ica rb o x a ld eh y d e 24.3% 30
B enzaldehyde 97% 1 1 ,1 6 ,2 1 ,2 7
o -C h lo robenzaldehyde q u a n t .* 1 1
in-C h lo robenzaldéhyde 53% 31
P '*C hlorobenzaldehyde q u a n t .* 1 1
o-T o lu a ld eh y d e q u a n t .* ,  9% 1 1 ,2 1 ,2 4
m -T olualdehyde 50% 31
p -T o lu a ld eh y d e q u a n t .* ,  30,70% 1 1 ,1 9 ,2 1
p-M ethoxybenzaldehyde 15% 19
m -T rlflu o ro m e th y lb en z a ld eh y d e 0 32.
p -T r if lu o ro o e th y lb e n z a ld e h y d e 26% 33
p-Brom obenzaldéhyde 62% 31
p-Iod o b en za ld eh y d e 56,70% 31
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TABLE I  (C on tinued ) 
3 -F luoro-4-n>ethoxybenzaIdehyde 63% 34
3-A cety l-6 -m ath o x y b en za ld eh y d e  39% 35
3 .4 .5 -T rlm ethoxybenzaldehyde q u a n t.* , 10-20% 11,36
3-C arboinethoxybenzaldehyde 84%
4-O arboniethoxybenzaldehyde 90%
3-C arbethoxybenzaldehyde  8 6 %
4-C arbethoxybenzaldehyde  8 6 %
3 - ^ -C h lo ro ca rb e th o x y b en za ld eh y d e  74%
4 -  |3 -C h lo ro ca rb e th o x y b en za ld eh y d e  75%
4 - ( 3 ' , 5 ' -D iio d o -4 ' -m etboxyphenoxy)
benza ldehyde 55%
3 . 5 -D iio d o -4 -(2 '-m e tb o x y p h en o x y ) benza ldehyde 55% 38
3 .5 -D llo d o -4 -(3 '-m e tb o x y p h en o x y ) benzaldehyde 75% 39
3 .5 -D ic h lo r o - 4 - ( 4 ' -metboxyphenoxy) 
benza ldehyde  75% 40
3 .5 -D ib ro m o -4 -(4 ' -m etboxyphenoxy) 
benza ldehyde  80-85% 40
3 . 5 -D lio d o -4 -(4 '-m e tb o x y p h en o x y ) benza ldehyde  70-100% 41
3 .5 -D iio d o -4 - ( 3 ' flu o ro -4 '-m e tb o x y p h en o x y ) 
benza ldehyde  6 8 % 42
3 .5 -D iio d o -4 - (3 ' , 5 ' - d i f l u o r o - 4 ' -m etboxyphenoxy) 
benza ldehyde  72% 42
p-S u lfam y lbenz  a ld eh y d e  0 43
p -M eth y lsu lfo n y lb en za ld eh y d e  6 8 % 44
p -P h e n y lsu lfo n y lb e n z a ld e h y d e  82% 43
4 - ( 4  ' -M e th y lp h e n y lth io )  benzaldehyde 81% 44
4 - ( 4  ' -E th o x y p h e n y lth io )  benzaldehyde 82% 44
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TABLE I  (C on tinued) 
3 ,5 “D liodO “4 - ( 4  ' - lae th o x y p h en y lth io )
b enza ldehyde 6 6 % 45
2 -H ydroxy-4-m ethoxybenzaldehyde good 46
4-H ydroxy-2-inethoxybenzaldehyde good 46
p -M e th y l-p ' -a ld eh y d o  d ip h e n y ls u lf id e 81% 44
p -E th o x y -p ' -a ldehydo  d ip h e n y ls u lf id e good 44
H e te ro c y c lic s Y ie ld R eference
N ic o tin a ld e h y d e  th io se m ic a rb azo n e 83% 45
4 -E thoxym ethy l-2 -h y d ro x y - 6 -m ethylp  y r id  in e -  
3 -ca rb o x a ld eh y d e  th io se m ic a rb azo n e 1 0 % 45
2 -B enzyloxaz o l e -4 -ca rb o x a ld eh y d e 8 8 % 47
4 -M e th y lth ia z o le -5 -c a rb o x a ld e h y d e 40% 48
♦ Y ie ld  r e p o r te d  by Henry S tephen
CHAPTER I I
EXPERIMENTAL
T his c h a p te r  I s  devo ted  to  th e  p r e p a r a t io n  o f  a ld im in es  and 
t h e i r  I n te rm e d ia te s .  The n ex t c h a p te r ,  C h ap te r I I I ,  w i l l  d ea l w ith  th e  
work c a r r i e d  ou t w hich i s  r e l a t e d  b u t n o t d i r e c t l y  connected  to  im ine 
s y n th e s i s .
P re p a ra t io n  o f  S tannous C h lo r id e .  S tannous c h lo r id e  d ih y d ra te  
as o b ta in e d  co m m erc ia lly  u s u a l ly  c o n ta in e d  s e v e ra l  im p u r i t i e s ,  th e  
p r in c i p le  one b e in g  s ta n n ic  o x y -c h lo r id e .  These im p u r i t ie s  w ere most 
c o n v e n ie n tly  removed and th e  s a l t  d e h y d ra te d  to  th e  p u re , anhydrous 
s tan n o u s  c h lo r id e  by th e  method o f  H. S tep h en  (4 9 ) .  The d ih y d ra te  was 
t r e a te d  w ith  tw ic e  th e  m o lar volume o f  a c e t i c  anhyd ride  an d , a f t e r  th e  
r e a c t io n  had s u b s id e d , th e  m ix tu re  was c o o le d . This tre a tm e n t d e h y d ra te d  
th e  s a l t  an d , s in c e  th e  im p u r it ie s  p r e s e n t  w ere so lu b le  i n  a c e t i c  a c id ,  
f i l t r a t i o n  and th o ro u g h  w ashing w ith  anhydrous d ie th y l  e th e r  y ie ld e d  th e  
p u re , d r y ,  h a l id e .  The r e s u l t i n g  s a l t  was w h ite ,  f in e ly  pow dered, and 
s l i g h t l y  h y d ro sc o p ic .
Of th e  m ethods t r i e d ,  th e  s a l t  seemed to  keep b e s t  u n d er a 
s l i g h t  vacuum and in  th e  d a rk . I t  rem ained  unchanged fo r  s e v e r a l  m onths 
under th e s e  c o n d i t io n s .  I f  th i s  p r e c a u t io n  was n o t o b se rv ed , d a rk e n in g  
o f  th e  s a l t  o c c u rre d  w i th in  a few d a y s .
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P r e p a r a t io n  o f  S tannous B rom ide. The s ta n n o u s  brom ide w hich 
was u sed  was p re p a re d  by  a  m o d if ic a tio n  o f  th e  method o f  W it t ig  and 
Hartman (1 6 ) .  The brom ide was p repared  in  s o lu t i o n  by th e  r e a c t io n  o f  
m e ta l l i c  t i n  and aqueous hydrogen b rom ide . W ater was th e n  g ra d u a l ly  
d i s t i l l e d  from th e  sy stem  u n t i l  on ly  th e  m o lten  s a l t  rem ained  a t  a 
te m p e ra tu re  o f  400 to  450^0 . The brom ide w hich  W it t ig  and Hartman 
used  was o b ta in e d  by d i s t i l l i n g  th i s  m ix tu re  a t  620°C and c o l l e c t in g  
th e  brom ide d i s t i l l a t e .  However, s in c e  r e a c ta n t s  o f  h ig h  p u r i t y  w ere 
u s e d , i t  was f e l t  t h a t  d i s t i l l a t i o n  o f  th e  m o lten  r e a c t io n  m ix tu re  was 
u n n e c e ssa ry . The m ix tu re  was poured in t o  a  p o r c e la in  d is h  and allow ed  
to  co o l s lo w ly  i n  a d e s ic c a to r .  On c o o l in g ,  a  dense  mass o f  s i l v e r -  
g ra y ,  v e ry  la rg e  c r y s t a l s  w ere o b ta in ed ; a f t e r  b e in g  powdered th e se  
w ere k e p t i n  a s e a le d  b o t t l e  and i n  th e  d a rk .
N i t r i l e s .  Whenever p o s s ib le ,  th e  n i t r i l e s  needed w ere o b ta in e d  
co m m erc ia lly . The n i t r i l e s  o b ta in ed  in  t h i s  m anner w ere b e n z o n i t r i l e ,  
p h e n y l a c e t o n i t r i l e ,  d ip h e n y a c e to n i t r i l e ,  o - ,  m -, and p - t o l u n i t r i l e ,  
p -a m in o b e n z o n i tr i le ,  o - ,  and p - c h lo r o b e n z o n i t r i le ,  2 - c y a n o p y r id in e , 
o < ^ -n a p h th y la c e to n itr i le  and - n a p h th o n i t r i l e .  Each o f  th e s e  was 
p u r i f i e d  e i t h e r  by d i s t i l l a t i o n  or r e c r y s t a l l i z a t i o n  b e fo re  u se .
P re p a ra t io n  o f  p - N i t r o b e n z o n i t r i le .  T his compound was o b ta in e d  
in  90% y ie ld  fo llo w in g  th e  p ro ced u re  d ev e lo p ed  by C. S . M i l le r  (5 0 ) .
The g e n e ra l method was th e  tra n sa m id a tio n  o f  p - n i t r o b e n z o ic  a c id ,  
fo llo w ed  by d e h y d ra t io n  w ith  phosphorous p e n ta c h lo r id e .
The compound was a l s o  p rep ared  by a m o d ified  Sandmeyer r e a c t io n .  
U sing th e  p r e p a r a t io n  o f  2 ,4  d in l t r o b e n z o n i t r i l e  by F. R. S to r r i e  (51) 
as  an  a n a lo g y , th e  n i t r i l e  was p repared  u s in g  0 .1 3  m oles o f  po tass ium
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n ic k e lo c y a n ld e , 0 . 1 2  m oles o f  n i t r o u s  a c id ,  and 0 . 1  m oles o f  p - n i t r o -  
a n i l i n e  in  a  s ta n d a rd  Sandmeyer r e a c t io n .  The p o ta ss iu m  n ic k e lo c y a n id e  
was p re p a re d  by m ix ing  a  s o lu t io n  o f 35 grams o f  p o ta ss iu m  cy an id e  i n  
130 m l. o f  w a te r  w ith  a  s o lu t io n  o f  2 8 .6  grams o f  n ic k e lo u s  c h lo r id e  
h e x a h y d ra te  in  50 m l. o f  w a te r ,  and c o o lin g  th e  r e s u l t i n g  m ix tu re .
The y ie ld  o b ta in e d  a f t e r  r e c r y s t a l l i z a t i o n  from a c e to n e  was 70%.
P r e p a r a t io n  o f  N -A cetvl p -A m in o b en z o n itrilev  T his compound 
was p re p a re d  in  97% y ie ld  by t r e a t i n g  p -a m in o b e n z o n itr i le  in  anhydrous 
d ie th y l  e th e r  w ith  an e x c e ss  o f  a c e t ic  a n h y d r id e . The p ro d u c t m elted  
a t  199 -  2 00% .
P r e p a r a t io n  o f  p-C yanobenzoic A c id . The method o f  E. P . V àlby 
and H. J .  Lucas (5 2 ) was fo llow ed  w ith  o n ly  one m o d if ic a t io n .  The 
g e n e ra l  s y n th e s is  was a  Sandmeyer r e a c t io n  in v o lv in g  a cuprous c h lo r ld e -  
sodium  cy an id e  m ix tu re  r e a c t in g  w ith  d ia z o t iz e d  p-am lnobenzoic a c id .
The on ly  change in  th e  p ro ced u re  was to  u s e ,  i n  a d d i t io n  to  th e  th e o ­
r e t i c a l  q u a n t i ty  o f  cuprous c h lo r id e ,  0 . 1  mole o f  c u p r ic  s u l f a t e  in  
fo rm ing  th e  r e a c t a n t  m ix tu re  w ith  sodium c y a n id e . The r e s u l t  o f  t h i s  
v a r i a t i o n  in  p ro ced u re  i s  a  y ie ld  o f 82% n i t r i l e  (m .p . 2 16% ) r a th e r  
th a n  th e  45% y ie ld  r e p o r te d .  R e c r y s ta l l i z a t i o n  from w a te r  r e s u l te d  in  
an o v e r a l l  y ie ld  o f  75% o f  p ro d u c t m e ltin g  a t  2 1 9 % . A n a ly s is  based  
on p e rc e n t n i t r o g e n  by th e  sem im icro Dumas m ethod showed: t h e o r e t i c a l ,  
9.52% K; found 9.65% N.
P r e p a r a t io n  o f  p-C vanobenzaldehyde. R e a c tio n  betw een p -cy an o - 
benzylbrcm aide and th e  sodium  s a l t  o f 2 -n i t ro p ro p a n e  r e s u l t e d  in  a 67% 
y ie ld  o f  t h i s  n i t r i l e .  The method was d ev e lo p ed  by H. B. Hass and M.
L. Bender (5 3 ) .
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P re p a ra t io n  o f S a l l c y l n l t r i l a .  The p re p a ra t io n  o f t h i s  n i t r i l e  
in v o lv ed  th e  d e h y d ra tio n  o f  s a l ic y la ld o x im e  w ith  a c e t i c  a n h y d rid e . 
F o llo w in g  th e  method o f E. Beckmann (5 4 ) ,  a 74% y ie ld  was o b ta in e d .
An a tte m p t was a l s o  made to  p re p a re  th i s  compound by th e  dry  
d i s t i l l a t i o n  o f  a m ix tu re  o f  s a l ic y la m id e  and phosphorous p e n to x id e .
L ess th a n  3% o f th e  n i t r i l e  was o b ta in e d  by th i s  method.
P re p a ra t io n  o f o -  and p -T r ic h lo ro m e th y lb e n z o n itr i le .  An 85% 
y ie ld  o f  o - t r ic h lo r o m e th y lb e n z o n i t r i le  was o b ta in ed  when d ry ,  gaseous 
c h lo r in e  was bubbled in to  a m ix tu re  o f  one mole of o - t o l u n i t r i l e  and 
f iv e  grams o f  phosphorous p e n ta c h lo r id e  a t  180°C. A fte r  70 h o u rs , 
th e  t h e o r e t i c a l  q u a n t i ty  o f  c h lo r in e  had been ta k e n  u p , as  shown by 
th e  in c r e a s e  in  w eigh t o f  th e  m ix tu re . The flow  o f  gas was s topped  
and th e  m ix tu re  was vacuum d i s t i l l e d .  The n i t r i l e  d i s t i l l e d  a t  146^0 
and 0 .1 5  mm. p r e s s u re .  F in a l  p u r i f i c a t i o n  was by r e c r y s t a l l i z a t i o n  
from h o t ,  a b s o lu te  e th a n o l.
The m e ltin g  p o in t  shown by t h i s  n i t r i l e ,  9 6 .5 °C , was 1.5°C 
h ig h e r  th a n  th a t  p re v io u s ly  re p o r te d  f o r  th e  compound (5 5 , 5 6 ) .
A n a ly s is  o f  th e  n i t r i l e  by th e  sem im icro  Dumas method showed a n i t ro g e n  
c o n te n t  o f  6.32%. o -T r ic h lo ro m e th y lb e n z o n itr i le  c o n ta in s  6.34% n i t r o ­
gen .
p -T r ic h lo ro m e th y lb e n z o n itr i le  was p rep a red  by b u b b lin g  d ry , 
g aseous c h lo r in e  in to  p - t o l u n i t r i l e  a t  180%  and u n d er s t r o n g  l i g h t .
The l i g h t  so u rce  was a 200 w a t t ,  u n f r o s te d ,  in c an d escen t l i g h t  bu lb  
h e ld  0 .5  in ch es  from th e  w a ll  o f  th e  r e a c t io n  v e s s e l .  The flow  o f gas 
was s to p p e d  a f t e r  40 hours and th e  m ix tu re  was vacuum d i s t i l l e d .  The 
n i t r i l e  d i s t i l l a t e ,  a f t e r  r e c r y s t a l l i z a t i o n  from h o t ,  anhydrous e th a n o l ,
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re p re s e n te d  o n ly  11% o f th e  q u a n t i ty  t h e o r e t i c a l l y  p o s s ib le .  The n i t r i l e  
m e lted  a t  209°C. A n a ly s is  o f  th e  compound by th e  sem im icro Dumas method 
showed a  n i t r o g e n  c o n te n t  o f  6.39%. p -T r ic h lo ro m e th y lb e n z o n itr i le  con­
ta in s  6.34% n i t r o g e n .  H y d ro ly s is  o f  th e  p re p a re d  n i t r i l e  produced a 
compound h av in g  a n e u t r a l i z a t i o n  e q u iv a le n t  o f 167; te r e p h th a l ic  a c id ,  
th e  h y d ro ly s is  p ro d u c t o f  p - t r i c h lo r o m e th y lb e n z o n i t r i l e ,  has a n e u t r a l ­
i z a t i o n  e q u iv a le n t  o f  166.
P re p a ra t io n  o f  3 -C v an o p y rid in e . A y ie ld  o f  60% was o b ta in e d  
when t h i s  compound was p re p a re d  by th e  d e h y d ra t io n  o f  n ic o tin am id e  w ith  
phosphorous p e n ta c h lo r id e .  The amide was th o ro u g h ly  mixed w ith  a 30% 
m olar ex ce ss  o f  th e  c h lo r id e  and th e  r e a c t io n  i n i t i a t e d  by h e a tin g  th e  
m ix tu re  to  50°C. A f te r  th e  i n i t i a l  r e a c t io n  had s u b s id e d , th e  tem pera­
tu r e  o f  th e  system  was g ra d u a l ly  r a is e d  to  200°C and h e ld  th e re  u n t i l  
n o th in g  e l s e  d i s t i l l e d .  The m ix tu re  was th e n  co o le d  and p y r id in e  
( th r e e  tim es th e  m olar amount o f PCI3  u se d ) was s lo w ly  added w ith  
s t i r r i n g .  The system  was a g a in  co o led  to  room te m p e ra tu re  and w a te r 
( tw ic e  th e  m o lar amount o f  PCI5 ) w s: added s lo w ly . The n i t r i l e  was 
removed from th e  m ix tu re  by f i l t r a t i o n  and was th o ro u g h ly  washed w ith  
w a te r .  F in a l p u r i f i c a t i o n  was by vacuum d i s t i l l a t i o n .  The compound 
m a lted  a t  50°C.
P r e p a r a t io n  o f  th e  N i t r i l e - S ta n n ic  H a lid e  Complexes. There 
a re  two g e n e ra l m ethods by w hich th e s e  com plexes can  be p re p a re d . The 
most r e c e n t  m ethod, developed  by T u rner (1 4 ) ,  g iv e s  a  homogeneous system  
w hich i s  id e a l  f o r  k in e t i c  s tu d ie s  o f  th e  com plex fo rm atio n  b u t which 
i s  somewhat in c o n v e n ie n t f o r  p r e p a r a t iv e  w ork. T h is  p ro ced u re  was d i s ­
cu ssed  in  C h ap te r I .  The o r ig i n a l  method o f  S tep h en  (11 ) i s  s t i l l  th e
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more w id e ly  u sed  and i s ,  f o r  most p u rp o s e s , th e  b e t t e r  o f  th e  tw o. In  
th e  system  p roduced  by th e  o ld e r  p ro c e d u re  th e  com plex w hich  i s  formed 
i s  in s o lu b le ,  and so  may be i s o l a t e d .  I t  was o f te n  v e ry  co n v en ien t to  
i s o l a t e  th e  s t a b l e ,  s o l i d  com plex, th e r e f o r e  th e  S tephen  p ro ced u re  was 
u se d  th ro u g h o u t t h i s  s tu d y .
The com plex was formed by a d d i t io n  o f  a n i t r i l e  to  a  m ix tu re  
o f  d ie th y l  e th e r  and s ta n n o u s  h a l id e  w hich had been p r e v io u s ly  s a tu r a t e d  
w i th  th e  c o rre sp o n d in g  hydrogen h a l id e .  C o n v e n ie n tly , th e  e t h e r ,  s a l t ,  
and gas formed a  l i q u id  com plex, s o  one cou ld  be s u re  o f a hydrogen 
h a l id e  s a tu r a te d  sy stem  a s  soon as s o l id  was no lo n g e r  p r e s e n t  i n  th e  
m ix tu re .  At t h i s  p o in t  th e  system  was composed o f  a  c l e a r ,  c o l o r l e s s ,  
u p p e r , e th e r e a l  la y e r  and a c l e a r ,  p a le  y e llo w , im m isc ib le , low er la y e r  
o f  s ta n n o u s  com plex. The n i t r i l e  was added w ith  s t i r r i n g  to  t h i s  two 
ph ase  m ix tu re ; im m ed ia te , though n o t v ig o ro u s , r e a c t io n  was u s u a l ly  
a p p a re n t .  However, even  though some r e a c t io n  d id  occur on m ix in g , 
i n i t i a l  p r e c i p i t a t i o n  r e q u ir e d  from th r e e  to  n in e ty - s ix  h o u rs . Once th e  
i n i t i a l  p r e c i p i t a t e  had form ed, th e  s o l id  accum ulated  r a p id ly  and was 
u s u a l ly  co m p le te ly  p r e c i p i t a t e d  w i th in  e ig h te e n  h o u rs . T here was some 
ev id e n c e  th a t  r e s a t u r a t i o n  o f  the m ix tu re  a f t e r  s e v e r a l  hou rs  w ith  th e  
a p p ro p r ia te  hydrogen  h a l id e  would push  th e  r e a c t io n  n e a re r  c o m p le tio n  
th a n  i t  would have o th e rw ise  gone. For t h i s  re a so n  a l l  o f  th e  com plex 
m ix tu re s  w ere r e s a tu r a te d  w ith  th e  h a l id e  gas a t  tw elve  h o u r in t e r v a l s  
u n t i l  r e a c t io n  seemed co m p le te .
A ll o f  th e  com plexes p re p a re d  w ere s t a b l e ,  c r y s t a l l i n e  s o l i d s .  
T here  was no d i f f i c u l t y  i n  f i l t e r i n g ,  w ash ing , and d ry in g  th e  p r e c i p i ­
t a t e s ,  and no change was ap p aren t when th e y  w ere s to r e d  fo r  long  p e r io d s
20
o f  t im e ,  i f  th e y  w ere d ry ,  under a  s l i g h t  vacuum , and i n  th e  d a rk .
Some d eco m p o sitio n  o f  th e  com plexes o ccu rred  i f  th e y  w ere no t com p le te ly  
d r ie d  when s to r e d ,  o r  i f  th e y  were s to r e d  in  c o lo r l e s s  b o t t l e s  and l e f t  
i n  th e  l i g h t .
The amount o f  s o l id  p r e c ip i t a t e d  i n  th e  p r e p a ra t io n  o f  many 
o f  th e  com plexes was n e a r  th e  th e o r e t i c a l  amount o f com plex. However, 
s e v e r a l  w orkers in  th e  f i e l d  have shown th a t  th e  p r e c i p i t a t e  w hich 
forms may no t be p u re  com plex, w h ile  o th e rs  have shown t h a t  p r e c i p i t a t i o n  
i s  n o t n e c e s s a r i ly  a c r i t e r i o n  o f  th e  e x te n t  o f  th e  r e a c t io n .  For th e se  
r e a s o n s  a l l  o f  th e  y ie ld s  re p o r te d  a re  based  o n ly  on th e  amount o f  
s t a r t i n g  n i t r i l e  and th e  amount o f  p u r i f i e d  im ine a c tu a l ly  o b ta in e d .
S o lv e n ts  U sed, k  v a r i e ty  o f  s o lv e n ts  w ere t e s t e d  fo r  u se  
d u rin g  th e  d e co m p o sitio n  o f  th e  n i t r i l e - s t a n n i c  h a l id e  com plex. Among 
th e  c h a r a c t e r i s t i c s  o f  a  s o lv e n t id e a l  fo r  t h i s  p u rpose  a r e  th a t  i t  be 
n o n - r e a c t iv e ,  r e a d i l y  a v a i l a b l e ,  e a s i l y  hand led  an d , most im p o r ta n t , 
t h a t  i t  d is s o lv e  im ine w ith o u t d is s o lv in g  th e  n i t r i l e  com plex o r  t i n  
s a l t s .  The compounds t e s t e d  w ere: d ie th y l  e t h e r ,  p y r id in e ,  a c e to n e ,
d im e th y l form am ide, e th y l  fo rm a te , and 1 ,4  d io x a n e .
D ie th y l e th e r  p roved  to  be th e  most u s e f u l  o f th e s e  and was 
u sed  e x c lu s iv e ly .  I t  was a v a i l a b l e ,  n o n - r e a c t iv e ,  had a  low b o i l in g  
p o in t ,  and co u ld  be h and led  w ith  e a s e .  The n i t r i l e - s t a n n i c  h a l id e  
com plex was in s o lu b le  i n  e th e r  and co u ld  be co m p le te ly  f r e e d  o f  th e  
e t h e r e a l  s tan n o u s  com plex by tho rough  w ashing  w ith  e th e r ;  and y e t ,  when 
th e  n i t r i l e  com plex was decomposed, th e  im ine produced was co m ple te ly  
s o lu b le  w h ile  th e  r e s id u a l  t i n  c o n ta in in g  p ro d u c ts  w ere n o t .  The s o lv e n t
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was o b ta in e d  as com aerci& l "anhydrous d la c h y l e th e r "  and was n o t t r e a te d  
b e fo re  u s e .  In  th e  many c a se s  where th e  e th e r  was re u s e d , i f  th e  r e a c t ­
io n  in v o lv ed  a gas such  as ammonia o r  hydrog«u h a l id e ,  c a re  was ta k e n  
to  u se  th e  re c la im e d  e th e r  o n ly  in  a  r e a c t io n  o f th e  type from w hich 
i t  had come.
P y r id in e ,  as a  weak b a se , a c te d  n o t o n ly  as a so lv e n t f o r  th e  
im ine b u t a l s o  a s  a  v e ry  m ild  d ecom position  re a g e n t o f  th e  n i t r i l e  
com plex. Even w ith  t h i s  m ild  r e a c t i v i t y  fo r  th e  com plex, no d e f i n i t e  
ad v an tag e  was found in  i t s  u s e .
A cétone proved  to  be an e x c e l le n t  s o lv e n t  fo r  im ine; some 
s o lu t io n  o f  im ine  o c c u rre d  even from u n re a c te d  com plexes, p ro b ab ly  due 
to  th e  s o l u b i l i t y  o f  th e  complexes i n  th e  s o lv e n t .  This s o l u b i l i t y  o f  
th e  r e a c t io n  s a l t s  in  a c e to n e , how ever, p re v e n te d  i t s  u se . A lthough 
s e v e ra l  a t te m p ts  were made u s in g  i t  as a  s o lv e n t ,  no way was found to  
a d e q u a te ly  c o n t r o l  s a l t  as w a ll  as im ine s o lu t io n  in  a c e to n e .
D im ethyl formamide seemed to  be a  f a i r l y  good s o lv e n t f o r  th e  
p u rp o se , b u t was no t used  due to  i t s  c o s t  and la c k  o f  a v a i l a b i l i t y .
E th y l fo rm a te , a s u p e r io r  s o lv e n t  when th e  complex was to  be 
h y d ro ly sed  to  th e  a ld e h y d e , was not u s a b le  h e re .  T h is was due to  i t s  
r e a c t i v i t y  w ith  s t ro n g  bases t o  g iv e  th e  am ide. As an exam ple, when 
an a tte m p t was made to  decompose a com plex by tre a tm e n t w ith  ammonia 
w ith  e th y l  fo rm ate  as th e  s o lv e n t ,  th e  com plex was no t e f f e c te d  b u t a  
f in e  y ie ld  o f  formam ide was o b ta in e d .
1 ,4  D ioxane o f fe re d  no ap p a re n t ad v an tag es  over d ie th y l  e th e r  
and was more ex p en s iv e  and l e s s  a v a i la b l e ;  co n se q u e n tly  i t  was n o t u se d .
M ethods o f  Complex D ecom position . U sing th e  n i t r i l e - s t a n n i c
22
h a l id e  com plexes o f  b e n z a ld lm ln e , p h e n y la c e ta ld ln in e ,  d lp h e n y la c e ta ld -  
im in e , and p - to lu a ld im in e  a v a r i e t y  o f  decom p o sitio n  m ethods w ere te s te d  
in  an e f f o r t  to  f in d  one w hich would be g e n e ra l fo r  a ld im in e  p re p a ra ­
t i o n .  In  each  ca se  anhydrous d ie th y l  e th e r  was used as th e  s o lv e n t .
Tho r e s u l t s  o f  th e s e  t e s t s  a re  sum m arized in  T able I I .
Ammonia d id  no t seem to  be a s t ro n g  enough b ase  f o r  com plete  
com plex d eco m p o sitio n . In  th e  c a s e  o f  b e n z a ld im in e , some r e a c t io n  w ith  
th e  com plex d id  o c c u r ,  b u t th e  e q u i l ib r iu m  was f a r  to  th e  s id e  o f  th e  
com plex. The re a g e n t was u s e fu l  how ever when th e  in te rm e d ia te  was no t 
i s o la te d  frcas th e  sy stem , bu t was decomposed im m ediate ly  a f t e r  p r e c i p i ­
t a t i o n .  In  t h i s  c a se  th e  la rg e  e x c e ss  o f  hydrogen h a l id e  i n  th e  system  
was f i r s t  removed by r e a c t io n  w ith  anhydrous ammonia; th e  com plex could  
th e n  be decomposed w ith  a  minimum o f  r e a g e n t,
T rie th y la m in e  was th e  b e s t  and most g e n e ra l re a g e n t found fo r  
th e  n i t r i l e - s t a n n i c  h a l id e  d eco m p o sitio n . By i t s  u se  b en za ld im in e  could  
be i s o l a t e d  i n  n e a r ly  q u a n t i t a t i v e  y ie ld s  and f a i r l y  com ple te  decom posi­
t i o n  o f  th e  o th e r  in te rm e d ia te s  co u ld  be shown in  e v e ry  c a s e  t r i e d .  In  
many o f  th e s e  p r e p a r a t io n s ,  b eca u se  o f  th e  r e a c t i v i t y  o f  th e  im in e , i t  
was n e c e s s a ry  to  m easure th e  co m p le te n ess  o f  d eco m p o sitio n  on th e  b a s is  
o f  in d i r e c t  e v id e n c e . In  th e se  in s ta n c e s  th e  amount o f  polym er formed 
o r th e  amount o f  a ldehyde w hich co u ld  be formed by h y d ro ly s is  o f  e i t h e r  
th e  im ine o r  com plex r e s id u e  m ix tu re  was ta k e n  as a m easure o f  th e  
e x te n t  o f  th e  d eco m p o sitio n . The o n ly  d isa d v a n ta g e  found w ith  th e  u se  
o f  t r ie th y la m in e  was th a t  s in c e  i t  was an  am ine, i t  r e a c te d  v e ry  s i m i l ­
a r l y  to  an im in e . A lthough in  some p ro c e d u re s  th i s  c o m p lic a te d  s e p a ra ­
t i o n  o f  th e  two compounds a f t e r  th e  im ine was g e n e ra te d , i t  was n o t a
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TABLE I I
COMPARISON OF AGENTS FOR ALDIMINE COMPLEX DECOMPOSITION
A gents Used For Complexes
Complex D ecom position  T ested*
R e s u lts
Ammonia
T r ie th y la m in e
T rib u ty lam in e
Sodium M ethoxide
Sodium E th o x id s  
P y r id in e  
D ie thy lam ine  
E th y len ed iam in e
D im ethylform am ide 
Hydrogen S u lf id e  
S i lv e r  A c e ta te
Sodium A c e ta te



















3% y ie ld  o f  im ine
Only a t r a c e  o f  im ine f re e d  from
th e  com plex
Near q u a n t ,  y ie ld  
Good y i e ld  o f im ine polym er 
Good y i e ld  o f im ine polym er
5-10% y ie ld  o f  im ine
Good y i e ld  but a z e o tro p e  formed 
w ith  th e  im ine
Good y i e ld  bu t a z e o tro p e  formed 
w ith  th e  im ine
Some im ine  f re e d  b u t r e s id u e  
h a rd  to  hand le
Complex deco m p o sitio n  inco m p le te
Complex d ecom position  in co m p le te
Complex d ecom position  in co m p le te
Good y ie ld  o f im ine polym er
5-10% y i e l d  o f  im ine
Complex decom position  in co m p le te
D ecom position  slow  and in co m p le te
Good y i e ld  and e a s i l y  hand led  
r e s  idue
Y ie ld  v e ry  good 
Y ie ld  o f  polym er good
D ecom position  o ccu rs  b u t im ine 
d i f f i c u l t  to  i s o l a t e
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TABLE I I  (C on tinued)
Heat and Vacuum B Poor y ie ld
?  No im ine o b ta in e d
^Symbols : B -  b en za ld im in e  complex
P •  p h e n y la c e ta ld lm in e  com plex 
dP -  d ip h e n y la c e ta ld im in e  com plex 
pT -  p - to lu a ld im in e  complex
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m ajor p rob lem , s in c e  s e p a r a t io n  by d i s t i l l a t i o n  was u s u a l ly  r e l a t i v e l y  
e a sy .
In  some ways th e  u se  o f  tr ib u ty la m in e  had d e f i n i t e  advan tages 
o v er u se  o f  th e  t r i e t h y l  compound; th e  r e a c t io n  was s lo w er and more 
e a s i l y  m anageable and th e  s a l t  r e s id u e  was More c r y s t a l l i n e .  However, 
p u r i f i c a t i o n  co u ld  n o t be so  e a s i l y  accom plished by d i s t i l l a t i o n  s in c e  
t h i s  am ine b o i le d  124°C h ig h e r  th an  t r ie th y la m in e  and , most im p o r ta n t ,  
s in c e  i t  formed a z e o tro p e s  w ith  th e  two im ines on whose com plexes i t  
was t r i e d .
Sodium m ethoxide  r e a c te d  v ig o ro u s ly  w ith  th e  s ta n n ic  com plexes 
and some im ine was r e l e a s e d ,  b u t th e  re s id u e  formed was s o  d i f f i c u l t  
to  hand le  t h a t  th e  method showed no obvious a d v an tag es . Sodium e th o x id e  
a l s o  r e a c te d  v ig o r o u s ly ,  b u t th e  im ine w hich was g e n e ra te d  was s t i l l  
combined w ith  a t i n  c o n ta in in g  compound. T h is new im ine com plex, or 
compound, was so  r e a c t iv e  and im pure th a t  th e  method was abandoned.
D ie th y lam in e  r e a c te d  v e ry  v ig o ro u s ly  w ith  a com plex o f  t h i s  
ty p e  and c o n tin u e d  to  r e a c t  u n t i l  a 5 to  6 tim es m olar q u a n t i ty  had 
been  added . The r e a c t io n  was v e ry  h o t ,  a flam m able gas was g iv e n  o f f ,  
and th e  s o l id  com plex in c re a s e d  in  volume by a f a c to r  o f two to  th r e e .  
Only a  t r a c e  o f  im ine was f r e e d .
E th y len ed iam in e  was t r i e d  i n  an a tte m p t to  r e p la c e  th e  im ine 
in  th e  s ta n n ic  com plex. The a b i l i t y  o f  t h i s  amine to  form s t a b l e  com­
p le x e s  co u p led  w ith  i t s  b a s ic  p r o p e r t ie s  made th e  compound seem id e a l  
f o r  th e  p u rp o se . W hile some im ine was o b ta in e d , th e  g r e a t e r  p a r t  o f 
th e  s ta n n ic  com plex o n ly  added e tb y len ed iam in e  r a th e r  th a n  u n dergo ing  
a rep la cem e n t r e a c t io n  w ith  i t .  A la rg e  volume o f flam m able gas was
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g iv e n  o f f  In t h i s  r e a c t io n .
Imine cou ld  be g e n e ra te d  f a i r l y  e f f e c t i v e l y  by su sp en d in g  
th e  complex in  r a p id ly  s t i r r e d  d ry  e th e r  and b u b b lin g  in  d ry  hydrogen 
s u l f i d e .  The p rim ary  d i f f i c u l t i e s  h e re  were th a t  th e  d eco m p o sitio n  
was slow , r e q u ir in g  r e s A tu ra t io n  w ith  hydrogen s u l f i d e  o v e r s e v e ra l  d a y s , 
and was l i k e ly  to  be in c o m p le te .
A s im i la r  m ethod o f  a t ta c k  and a much b e t t e r  one was th e  use  
o f  s i l v e r  a c e ta t e .  T h is  s a l t  was r e a d i ly  s o lu b le  i n  d ry  e t h e r ,  re a c te d  
r a p id l y ,  and gave an e a s i l y  f i l t e r a b l e ,  volum inous r e s id u e .  The y ie ld s  
o f  im ine were v e ry  good , ap p ro ach in g  th o se  o b ta in e d  from th e  u se  o f  
t r ie th y la m in e .  U n fo r tu n a te ly ,  f iv e  to  s ix  m olar p ro p o r t io n s  o f s i l v e r  
s a l t  p e r  m olar amount o f  complex w ere r e q u ire d  fo r  th e  r e a c t io n .
Anhydrous sodium  a c e ta te  was an  e f f e c t iv e  a g e n t f o r  th e  decom­
p o s i t io n  o f  th e  s ta n n ic  complex and gave a  d eco m p o sitio n  r e s id u e  w hich 
was e a s i l y  h an d led . The y ie ld s  o b ta in e d  were n e a r ly  as  good as th e  
ones produced u s in g  th e  t r i e th y la m in e .  However, some ag e n t in tro d u c e d  
by th i s  s a l t  seemed to  a id  polym er fo rm atio n  and so  made p u r i f i c a t i o n  
by d i s t i l l a t i o n  more d i f f i c u l t .  The polym ers o b ta in e d  when th i s  s a l t  
had been used had a w in e -re d  c o lo r  n o t p re s e n t  in  th o s e  produced from 
im ine o b ta in ed  by o th e r  m ethods.
An a ttem p t was made to  u se  sodium io d id e  i n  th e  same way th a t  
sodium a c e ta te  had b een  u se d . The method was ex tre m e ly  u n s a t i s f a c to r y .  
A lthough complex d eco m p o sitio n  o c c u r re d , i t  was n o t p o s s ib le  to  i s o l a t e  
any im ine because o f  th e  m ix tu re  w hich was formed w ith  i t .
Some com plex d eco m p o sitio n  o ccu rred  when th e  in te rm e d ia te  was 
suspended  in  a  h igh b o i l in g  l i q u i d ,  such  as m in e ra l o i l ,  under a  p re s s u re
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o f  one m il l im e te r  o r l e s s  and was h e a te d  u n t i l  som eth ing  d i s t i l l e d .
I f  h e a t in g  was slow and th e  m ix tu re  was s t i r r e d  d u r in g  h e a t in g ,  some 
im ine was o b ta in e d , b u t was alw ays im pure due to  c o d i s t i l l a t i o n  o f  t i n  
c o n ta in in g  compounds. The m ethod was r e l a t i v e l y  awkward and s lo w , and 
th e  y ie ld s  w ere v e ry  low .
B en za ld im in e . T h is compound was prepared by decom posing a 
b e n z o n i t r i le - s t a n n ic  c h lo r id e  com plex under anhydrous c o n d it io n s .  The 
com plex was formed by  s a tu r a t in g  an anhydrous d ie th y l  e th e r  s o lu t io n  
o f  stan n ou s c h lo r id e  w ith  hydrogen c h lo r id e  and ad d in g  b e n z o n i t r i le .
The m o lar amount o f n i t r i l e  added was o n e - th ird  th e  m olar amount of 
s a l t  u se d . A f te r  6 .5  hours 50% o f  th e  th e o r e t ic a l  q u a n t i ty  o f  th e  
in te rm e d ia te  had p r e c i p i t a t e d .  I t  was found th a t  by s a tu r a t i n g  th e  
system  w ith  hydrogen c h lo r id e  abo u t s i x  hours a f t e r  a d d i t io n  o f  th e  
n i t r i l e  i t  was p o s s ib le  to  i s o l a t e  a 90% y ie ld  o f  th e  dry , e th e r  washed, 
com plex.
D ecom position  o f  th e  in te rm e d ia te  by a number o f  m ethods was 
p o s s ib le .  A y ie ld  o f  70% o r  o v e r o f  im ine was i s o l a t e d  when th e  d ry  
com plex was p la c e d  i n  e th e r  and decomposed by t r i e th y la m in e ,  t r i b u t y l ­
am ine, s i l v e r  a c e t a t e ,  sodium  a c e t a t e ,  o r  hydrogen s u l f i d e .  When th e  
com plex was n o t i s o l a t e d  b u t decomposed im m ediately  i n  th e  same sy stem , 
a  y ie ld  o f  93.9% was o b ta in e d . In  t h i s  c a se  th e  ex ce ss  hydrogen h a l id e  
was r e a c te d  w ith  ammonia b e fo re  d eco m p o sitio n  o f  th e  com plex w ith  
t r ie th y la m in e  was c a r r i e d  o u t .  The m olar amount o f  t r ie th y la m in e  used  
was f iv e  tim es th a t  o f  th e  n i t r i l e .  S ince  on h y d ro ly s is  th e  decom posi­
t i o n  r e s id u e  gave p o s i t i v e  t e s t s  f o r  a ld eh y d e , i t  may be p o s s ib le  by 
m od ify ing  t h i s  p ro c e d u re  to  o b ta in  an even h ig h e r  p e rc e n t  o f  im ine fr?m
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th e  r e a c t io n .
The p h y s ic a l  c o n s ta n ts  o b ta in e d  fo r  b en za ld im in e  a re  shown 
In  T ab le  I I I  and th e  I n f r a - r e d  spec tru m  In  Spectrum  I .  U sing th e s e  
p h y s ic a l c o n s ta n ts  In  th e  L o ren tz -L o ren z  form ula o f  m o lar r e f r a c t i o n  a 
d e v ia t io n  o f  o n ly  0.63% from th e  v a lu e  g iven  by th e  sum o f m o lar r e f r a c ­
t i v e  e q u iv a le n ts  was o b ta in e d . The r e f r a c t iv e  e q u iv a le n t  v a lu e  f o r  th e  
d o ub le  bonded n i t ro g e n  I s  no t p re s e n te d  In  most t a b l e s ;  th e  v a lu e  
o b ta in e d  by P . L. P ic k a rd  and cow orkera (5 7 ) , 3 .1 2 9 , was used  fo r  th i s  
c a l c u la t io n .  The d e r iv a t iv e s  o f b enza ld im ine  w hich  w ere p re p a re d  a re  
shown In  T ab le  IV.
S in ce  th e  p h y s ic a l  c o n s ta n ts  o f  th e  compound d i f f e r e d  somewhat 
from th o se  g iv e n  by p rev io u s  w o rk s r s , a  v ery  c a r e f u l  a n a ly s is  o f  th e  
p ro d u c t Im lne was made. D e te rm in a tio n  o f th e  d eg ree  o f a l k a l i n i t y  was 
made by th e  method o f  Id d ln g s  (5 8 ); t h i s  Invo lved  nonaqueous p o te n t io -  
m e tr ic  t i t r a t i o n  o f  th e  Imine in  g l a c i a l  a c e t ic  a c id  by p e r c h lo r ic  a c id  
in  g l a c i a l  a c e t i c  a c id .  The e q u iv a le n t  w eigh t o f  th e  Im lne by t h i s  
method was 105; b en za ld im in e  w ould show an e q u iv a le n t  w eigh t o f  105.
The p ercen t n itr o g e n  In  th e  compound was determ ined  by th e  sem lm lcro  
Dumas m ethod. T h is a n a ly s is  showed n itr o g e n  c o n te n t  to  be 13.48%; 
t h e o r e t ic a l  n itr o g e n  c o n ten t o f  b en za ld im in e  i s  13.46%.
I t  had b een  observed  th a t on lo n g  s ta n d in g  or when su b je c te d  
to  e x c e s s iv e  h ea t a b en za ld im in e  sam ple would become f a i n t l y  c o lo r e d  
and show a change in  r e f r a c t iv e  in d e x . A sh o r t b ut in t e r e s t i n g  s tu d y  
was made t o  d eterm in e  what th e  change was and how I t  cou ld  be prom oted. 
When th e  c o lo r e d  su b sta n c e  was i s o l a t e d  i t  proved to  be a s t i c k y ,  brown 
p o ly m e r - llk e  m a te r ia l  w h ich  formed a  g l a s s - l i k e  su b sta n c e  w ith  fu r th e r
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h e a t in g .  On th e  assu m p tio n  th a t  th i s  m a te r ia l  was a  polym er, a com pari­
son  o f  i n f r a - r e d  s p e c t r a  was made. The sam ples compared w ere p u r i f i e d  
im ln e , im ine w hich had bean  h e ld  a t  i t s  b o i l in g  p o in t  a t  a tm o sp h eric  
p r e s s u r e  f o r  one m in u te , and im ine to  w hich a  v e ry  t i n y  p a r t i c l e  o f 
f r e e  r a d i c a l  fo rm e r, b en zo y l p e ro x id e , had been  added a t  room tem p era­
t u r e  and w hich had th e n  been  h ea ted  and h e ld  a t  i t s  b o i l in g  p o in t  a t  
a tm o sp h e ric  p re s s u re  f o r  one m in u te . A f te r  fo u r  hours a t  room tem pera­
tu r e  th e  p u r i f i e d  im ine  was unchanged, th e  h e a te d  im ine was s t i l l  c l e a r  
b u t p a le  brown in  c o l o r ,  and th e  im ine t r e a te d  w ith  b o th  p e ro x id e  and 
h e a t was c l e a r  bu t d a rk  brown in  c o lo r .  The s p e c t r a  o f  th e  th re e  
sam ples ta k e n  a t  t h i s  tim e w ere su p e r-im p o sab le  e x c e p t fo r  th e  fo u r 
p o r t io n s  o f  th e  sp ec tru m  w hich a re  shown in  F ig u re  I .  The vari& SioaT  
i n  th e s e  s p e c t r a l  p o r t io n s  seemed to  show th a t  th e  r e a c t io n  o f  she 
two t r e a t e d  sam ples was o f  th e  same ty p e  and d i f f e r e d  only  in  d e g re e . 
These s p e c t r a  proved  n o th in g , b u t w ere perhaps in d ic a t io n s  o f a f r e e  
r a d i c a l  mechanism o f  im ine p o ly m e r is a tio n .
P h e n y la c e ta ld lm in e . Nonaqueous d ecom position  o f a  p h en y l-  
a c e t o n i t r i l e - s t a n n i c  c h lo r id e  complex produced  a  s o lu t io n  o f  t h i s  
a ld im in e . The com plex was formed by r e a c t in g  a d ie th y l  e th e r  s o lu t io n  
o f  s ta n n o u s  c h lo r id e  s a tu r a t e d  w ith  hydrogen c h lo r id e  w ith  p h e n y la c e to -  
n i t r i l e .  When th e  m o la r amount o f  n i t r i l e  was o n e - th i r d  th e  m olar 
amount o f  th e  s a l t  u s e d ,  i t  was p o s s ib le  to  i s o l a t e  79.8% o f  th e  
t h e o r e t i c a l  amount o f  th e  com plex. No d i f f i c u l t y  was en co u n te red  in  
decom posing th i s  n i t r i l e  com plex, as shown by h y d ro ly s is  o f  th e  decom­
p o s i t i o n  r e s id u e ,  b u t ,  a lth o u g h  many a tte m p ts  have b een  made to  i s o l a t e  
th e  im in e , none has b een  o b ta in e d  in  p u re  form . The p re sen ce  o f  th e
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FIGURE I
COMPARISON OF INFRA-RED ABSORPTION SPECTRA OF 
BENZALDIMINE AND ITS POLYMERS
S e c tio n  1. Peak a t  3 .33  , -N-H 
S tr e tc h in g  v ib r a t i o n
S e c tio n  2 . Peak a t  5 .8 4  , -C-N- 
S t r e tc h in g  v ib r a t i o n
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FIGURE I  (C o n tin u ed )
S e c t io n  3 . Peak a t  8 .4 7 S e c t io n  4 . Peak a t  11 .83  , may
be the  p e ro x id e  0 -0  
s t r e t c h in g  v ib r a t i o n
A ll  o th e r  p o r t io n s  o f  th e  s p e c t r a  w ere su p e rim p o sab le . The e n t i r e  
sp ec tru m  o f  b en za ld im in e  i s  shown in  F ig u re  I I .
a -  p u re  b en za ld im in e  
b -  b en z a ld im in e  t r e a t e d  w ith  h e a t
c -  b e n z a ld im in e  t r e a te d  w ith  f r e e  r a d i c a l  c o n t r ib u to r  and h e a t
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im ine in  s o lu t io n  has been  shown by th e  p r e p a r a t io n  o f  a number o f  
d e r iv a t iv e s *  These a r e  g iv en  in  T ab le  IV. However, as soon a s  th e  
compound was c o n c e n tr a te d ,  i t  began to  p o ly m erize . I t  was p o s s ib le  to  
d i s t i l l  a  f r a c t i o n  o f  th e  a ld im in e  b e fo re  i t  a l l  p o ly m erized , b u t 
even t h i s  f r a c t io n  showed ev id en ces  o f  polym er fo rm atio n  w i th in  an h o u r . 
The p h y s ic a l  c o n s ta n ts  o b ta in e d  from t h i s  f r a c t io n  im m ediate ly  a f t e r  
d i s t i l l a t i o n  a r e  shewn in  T ab le  I I I .  A lthough i t  i s  p o s s ib le  t h a t  
sm a ll amounts o f  im p u r i t ie s  w ere e n t ra in e d  in  th e  c o l l e c t i o n  o f  th e  
f r a c t i o n ,  th e s e  c o n s ta n ts  p ro b ab ly  a r e  th o s e  o f  th e  pu re  im in e . Y ie ld  
o f  th i s  compound, i f  c a lc u la te d  on th e  w eigh t o f  polym er o b ta in e d ,  
would be 70% o r  b e t t e r .
The e a se  o f  p o ly m e riz a tio n  o f  p h e n y la c e ta ld lm in e , ev en  a t  room 
te m p e ra tu re ,  i s  no t s u r p r i s in g .  Due to  th e  v o l a t i l i t y  o f  t i n  com pounds, 
even  a c a r e f u l ly  d i s t i l l e d  f r a c t i o n  o f  th e  im ine m igh t e a s i l y  have 
c o n ta in e d  a t r a c e  o f  t i n  s a l t ,  an  e x c e l le n t  p o ly m e riz a tio n  a g e n t .  An­
o th e r  and p ro b ab ly  more im p o rtan t f a c to r  i s  th e  s i m i l a r i t y  o f  s t r u c t u r e  
betw een p h e n y la c e ta ld lm in e  and s ty ry la m in e . I t  seems l i k e l y  t h a t  
th e r e  w ould be some e q u il ib r iu m  betw een th e  ta u to m e rs , e x p e c ia l ly  s in c e  
th e  am ine i s  th e  co n ju g a ted  form . Any tendency  tow ard such an e q u i l i b ­
rium  would e x p la in  p o ly m e r iz a tio n  o f  th e  e n t i r e  sam ple.
The polym er w hich was formed was a t r a n s lu c e n t ,  brow n, e a s i l y  
f r a c t u r e d ,  g l a s s - l i k e  m a te r ia l  w hich was s o lu b le  in  many o rg a n ic  s o lv e n t s .  
R e flu x in g  th e  m a te r ia l  i n  an a c i d i f i e d  aqueous medium r e s u l t e d  in  a n e a r  
q u a n t i t a t i v e  y ie ld  o f  th e  a ld eh y d e ; r e f lu x in g  i n  non-aqueous s o lv e n ts  
changed th e  form o f  th e  polym er ( o f te n  to  la rg e  c r y s t a l s ) ,  b u t no im lne 
was o b ta in e d .
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In  an a t te m p t to  re d u c e  p o ly m e riz a tio n  a  t r a c e  o f  hydroquinone 
was added b e fo re  d i s t i l l a t i o n  o f  a p h e n y la c e ta ld im in s  m ix tu re . Polym er­
i z a t i o n  was le s s  r a p id  th a n  w ith o u t th e  hydroqu inone , b u t d id  o ccu r. 
However, th e  form o f  th e  polym er w hich r e s u l t e d  was changed; th i s  
polym er was a d ark  brown v is c o u s  l iq u id  w hich would n o t c r y s t a l l i z e .
D ip h e n y la c e ta ld im in e . The com plex from which t h is  compound 
was o b ta in ed  was prepared  by r e a c t io n  o f  an e th e r  s o lu t io n  o f  stan nous  
c h lo r id e  s a tu r a te d  w ith  hydrogen c h lo r id e  w ith  d ip h e n y la c e t o n i t r i le .
The r a t i o  o f  s ta n n o u s  s a l t  to  n i t r i l e  was 3 :1 .  Fo llow ing  p r e c i p i t a t i o n  
o f  th e  com plex th e  f r e e  hydrogen  h a l id e  was removed from th e  system  by 
sw eeping w ith  anhydrous ammonia. The complex was decomposed w ith  t r i ­
e th y la m in e . The m o lar q u a n t i ty  o f  amine was tw ice  t h a t  o f n i t r i l e  
u se d . A f te r  r e c r y s t a l l i z a t i o n  from anhydrous m ethanol a 6% y ie ld  o f 
th e  im ine was o b ta in e d . The d eco m p o sitio n  o f  th e  com plex was shown to  
be in c o m p le te  by th e  amount o f  a ldehyde  o b ta in e d  from th e  h y d ro ly s is  o f  
th e  d eco m p o sitio n  r e s id u e .  Had a l a r g e r  amount o f t r ie th y la m in e  been 
u s e d , a much l a r g e r  amount o f  im ine m ight w e ll  have been  f r e e d .
o -T o lu a ld im in e . The o - t o l u n i t r i l e  stan n ib rom id e com plex o f  
t h i s  a ld im in e  p r e c ip i t a t e d  from th e  r e a c t io n  m ixture v e r y  s lo w ly .
A f te r  i n i t i a l  a d d i t io n  o f  th e  n i t r i l e  to  th e  e th e r e a l  s tan n o u s  brom ide 
m ix tu re  th e  s o lu t io n  was s a tu r a t e d  w ith  hydrogen brom ide a t  24 hour 
i n t e r v a l s ,  b u t o n ly  30% o f  th e  th e o r e t i c a l  amount o f  com plex had p r e ­
c i p i t a t e d  a f t e r  e ig h t  d a y s . T h is  f a i l u r e  to  p r e c i p i t a t e  d id  n o t 
in d i c a te  a f a i l u r e  to  r e a c t ,  how ever, f o r  when th e  f i l t r a t e  o f  th e  
com plex m ix tu re  was reduced  in  volume by d i s t i l l a t i o n  a  la rg e  amount 
o f  im pure com plex was o b ta in e d .  D ecom position  o f  t h i s  com plex w ith  a
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fo u r cimes ex cess  o f  c r ie th y la n iin e  r e s u l t e d  in  th e  I s o la t io n  o f  1 1 .2 1  
o f th e  th e o r e t i c a l  q u a n t i ty  o f im ine monomer. F in a l p u r i f i c a t i o n  o f  
th e  monomer was accom plished  by fo rm a tio n  and i s o l a t i o n  o f  th e  im ine 
h y d ro c h lo r id e  fo llow ed  by r e g e n e ra t io n  o f  th e  im ine w ith  l iq u id  ammonia. 
I f  th e  po lym eric  m a te r ia l  i s o la te d  i s  c o n s id e re d  to  r e p r e s e n t  an e q u a l 
w eigh t o f  monomer, o v e r a l l  y ie ld  fo r  th e  r e a c t io n  was 21.3%.
The p h y s ic a l  c o n s ta n ts  o f  th e  monomer a re  p re s e n te d  in  T ab le  
I I I ,  w h ile  th o se  o f  th e  d e r iv a t iv e s  p re p a re d  a r e  in  T ab le  IV. These 
c o n s ta n ts  used  in  th e  L o ren tz -L o ren z  e q u a t io n  f o r  m olar r e f r a c t io n  
g iv e  a  v a r i a t i o n  from th e  t h e o r e t i c a l  v a lu e  o f  summed r e f r a c t i v e  
e q u iv a le n ts  o f o n ly  0.45%. Spectrum  I I  shows th e  i n f r a - r e d  spectrum  
of t h i s  compound.
A n a ly s is  o f  th e  p re p a re d  o - to lu a ld im in e  fo r  n it r o g e n  c o n te n t 
by th e  sem im icro Dumas method showed th e  compound to  c o n ta in  11.84% 
n i t ro g e n .  o -T o lu a ld im in e  t h e o r e t i c a l l y  c o n ta in s  11.76% n it ro g e n .  
A n a ly s is  fo r  t o t a l  a l k a l i n i t y  showed a  m o le c u la r  w e ig h t o f  120: th a t  
o f o - to lu a ld im in e  i s  119.
m -T o lua ld im ine . The complex o f  t h i s  im ine was i s o la te d  in  
98% y ie ld .  I t  was formed from an  e th e r  s o lu t i o n  o f  s tan n o u s  c h lo r id e  
s a tu r a te d  w ith  hydrogen c h lo r id e  and o n e - th i r d  o f  t h i s  m o lar amount o f  
m - t o l u n i t r i l e .  A lthough  s e v e ra l  d eco m p o sitio n  a g e n ts  su ch  as d ie th y l  
and t r ie th y la m in e  w ere u s e d ,  no way was found to  decompose th e  com plex 
and i s o l a t e  th e  im in e . The deco m p o sitio n  s te p  was e a s y , b u t po lym er­
i z a t i o n  p rev en ted  i s o l a t i o n  o f th e  p ro d u c t.
The d e r iv a t iv e s  o f  th e  com plex w hich w ere p re p a re d  a re  l i s t e d  
in  T ab le  IV.
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p -T o lu a ld im ln e . T h is a ld im in e  was p re p a re d  b o th  from a 
s ta n n ic  c h lo r id e  and s ta n n ic  b rom ide com plex. In  each  case  th e  m olar 
amount o f  h a l id e  used  was th r e e  tim e s  th e  m olar amount o f  th e  n i t r i l e  
u se d . The brom ide complex was th e  o n ly  one i s o l a t e d ;  a 70% y ie ld  was 
o b ta in e d . D ecom position  o f  th e  com plexes by t r ie th y la m in e  ( f i v e  tim es 
th e  m olar amount o f  n i t r i l e  u sed ) was f a i r l y  c o m p le te , b u t i s o l a t i o n  
o f  th e  im ine was d i f f i c u l t .  P o ly m e r iz a t io n  o c c u rre d  e a s i l y .  The 
a ld im in e  was i s o l a t e d  in  o n ly  8.4% y i e l d ,  b u t has been i s o la te d  as a 
d e r iv a t iv e  in  25% y ie ld .  I f  th e  w e ig h t o f  th e  polym er i s  c o n s id e re d  
as w eig h t o f p u re  im in e , th e  y ie ld  would be 70% o r m ore.
The p h y s ic a l  c o n s ta n ts  o f  p - to lu a ld im in e  a re  g iven  in  T able 
I I I  and th e  d e r iv a t iv e s  p re p a re d  a r e  l i s t e d  i n  T ab le  IV. U sing th e se  
p h y s ic a l  c o n s ta n ts  in  th e  L o ren tz -L o ren z  e q u a t io n  fo r  m olar r e f r a c t i o n ,  
a v a r i a t i o n  o f  o n ly  1.22% from th e  summed r e f r a c t i v e  e q u iv a le n ts  i s  
o b se rv ed . The in f r a - r e d  a b s o rp t io n  sp ec trum  i s  shown in  Spectrum  I I I .
A n a ly s is  o f  p - to lu a ld im in e  f o r  n i t r o g e n  c o n te n t by th e  sem i­
m icro  Dumas method showed 11.88% n i t r o g e n .  p -T o lu a ld im in e  c o n ta in s  
11.76% n i t r o g e n .
The polym er w hich th e  im ine form ed was a s o f t ,  s t i c k y ,  brown 
s e m i- s o l id  w hich  h y d ro ly sed  to  g iv e  a h ig h  y ie ld  o f  p - to lu a ld e h y d e .
In  non-aqueous s o lv e n ts  no im ine was o b ta in e d  on r e f lu x in g ,  b u t a 
change o f  form was o f te n  n o te d . Anhydrous m ethanol as  th e  r e f l u x  
s o lv e n t  le d  to  th e  fo rm a tio n  o f  l a r g e  w e ll  formed o c ta h e d ra l c r y s t a l s .
p -N itro b e n z a ld im in e . When p - n i t r o b e n z o n i t r i l e  was added to  
an  e th e r  s o lu t io n  o f  s tan n o u s  brom ide s a tu r a t e d  w ith  hydrogen b rom ide , 
r e a c t io n  was im m ediate and v ig o ro u s .  A l a r g e  amount o f  yellow  s o l id
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was q u ic k ly  p r e c i p i t a t e d .  When t h i s  s o l id  com plex was decomposed w ith  
t r i e th y la m in e ,  a v e ry  good y ie ld  o f p -a m in o b e n z o n ltr l le  was o b ta in e d . 
Only a t r a c e  o f  im ine was p r e s e n t .  This p r e p a r a t io n  was re p e a te d  
s e v e ra l  tim es v a ry in g  c o n d itio n s  in  an a tte m p t to  o b ta in  th e  im ine; 
o n ly  th e  p-am ino compound r e s u l t e d .
p -A m inobenzald im ine. An e th e r  s o lu t i o n  o f  s tan n o u s  bromide 
s a tu r a te d  w ith  hydrogen  brom ide r e a c te d  v ig o ro u s ly  w ith  p-am inobenzo- 
n i t r i l e .  P r e c i p i t a t i o n  o f  a com plex was im m ediate b u t n e i th e r  im ine 
n o r aldehyde w ere o b ta in e d  from a ttem p ted  d eco m p o sitio n  o f  th e  compound. 
E v id e n tly  a com plex had  formed w ith  th e  amino n i t r o g e n  w hich i n  some 
way d e a c t iv a te d  o r p ro te c te d  th e  n i t r i l e  g ro u p .
N -A cetyl p-A m inobenzald im ine. N -A cetyl p -a m is o b e n z o n itr i le  
v a s  t r e a te d  in  th e  sam e way a s  th e  u n s u b s t i tu te d  n i t r i l e ,  and w ith  
ab o u t th e  same r e s u l t s .  A lthough  p r e c i p i t a t i o n  was n o t as q u ic k , t h i s  
s o l i d ,  l i k e  th e  u n s u b s t i tu te d  com plex, seemed to  have th e  n i t r i l e  group 
s t i l l  i n t a c t .  No m ethod was found to  t r e a t  o r  decompose th e  complex 
in  such a  way as  to  y ie ld  e i t h e r  im ine o r a ld e h y d e ,
o -C h lo ro b en z a ld im in e . A d d itio n  o f  o - c h lo r o b e n z o n i t r i le  to  
an  e th e r e a l  s o lu t io n  o f  s tan n o u s  brom ide s a tu r a t e d  w ith  hydrogen 
brom ide p roduced  im m ediate r e a c t io n ;  p r e c i p i t a t i o n  began a f t e r  on ly  
th r e e  h o u rs . The m ix tu re  was s a tu r a te d  w ith  hydrogen bromide a t  24 
hour in t e r v a l s  fo r  se v e n  days ; 72% o f  th e  t h e o r e t i c a l  amount o f  complex 
had p r e c i p i t a t e d  by t h i s  tim e . D ecom position  o f  th e  complex w ith  
t r ie th y la m in e  r e s u l t e d  in  th e  i s o l a t i o n  o f  21.8% o f  th e  t h e o r e t i c a l  
amount o f  im in e . No polym er was o b ta in e d .
P h y s ic a l c o n s ta n ts  o f  th e  im ine and i t s  d e r iv a t iv e s  a re  l i s t e d
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in  T ab les I I I  and IV r e s p e c t iv e ly .  A v a r i a t i o n  o f  o n ly  0.03% from th e  
th e o r e t i c a l  v a lu e  o f  summed r e f r a c t i v e  e q u iv a le n ts  i s  g iven  by u se  o f 
th e s e  c o n s ta n ts  in  th e  L o ren tz -L o ren z  e q u a tio n  fo r  m olar r e f r a c t i o n .
The i n f r a - r e d  spectrum  i s  shown in  Spectrum  IV.
A n a ly s is  o f  th e  im ine fo r  t o t a l  a l k a l i n i t y  by th e  method o f 
Id d in g s  showed an  e q u iv a le n t  w e ig h t o f  139; th e  e q u iv a le n t w eigh t of 
o -c h lo ro b e n z a ld im in e  i s  1 3 9 .5 . N itro g en  a n a ly s is  by th e  sem im icro 
Dumas method showed a n i t r o g e n  c o n te n t  o f 10.07%. N itro g en  c o n te n t 
o f  o -c h lo ro b e n z a ld im in e  i s  10.03%.
p -C h lo ro b en z a ld im in e . The s t a b l e  in te rm e d ia te  o f  th i s  com­
pound was form ed by r e a c t io n  o f  p - c h lo r o b e n z o n i t r i le  w ith  an e th e r  
s o lu t io n  o f  s ta n n o u s  brom ide s a tu r a t e d  w ith  hydrogen brom ide. The 
m olar amount o f  n i t r i l e  used  was o n e - th i r d  th e  m olar c o n c e n tra t io n  o f 
th e  s tan n o u s  s a l t .  A 99% y ie ld  o f  th e  complice was o b ta in e d  when th e  
complex m ix tu re  was r e g u la r ly  s a tu r a te d  w ith  hydrogen brom ide o v er a 
p e r io d  o f  te n  d ay s .
F o llo w in g  decom p o sitio n  o f  th e  complex th e  im ine was i s o l a t e d  
as th e  h y d ro c h lo r id e  i n  72% y ie ld .  The s o l id  im ine was re g e n e ra te d  
from th i s  s a l t  by th e  a c t io n  o f  l i q u id  ammonia. F in a l p u r i f i c a t i o n  was 
by s u b lim a tio n .
The p h y s ic a l  c o n s ta n ts  o f  t h i s  a ld im in e  a re  g iv en  in  T ab le  I I I  
and th e  i n f r a - r e d  spectrum  in  Spectrum  V. The d e r iv a t iv e s  w hich w ere 
p re p a re d  a re  l i s t e d  in  T ab le  IV.
A n aly ses  fo r  th e  p e rc e n t n i t r o g e n  o f  th e  compound by th e  sem i- 
m icro  Dumas method showed a  c o n te n t  o f  10.00%. N itro g en  c o n te n t o f  
p -c h lo ro b e n z a ld lm in e  i s  10.03%. The e q u iv a le n t  w eigh t de term ined  by
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Che non-aqueous d e r a t i o n  method o f Id d in g s  i s  140. The e q u iv a le n t  
w eigh t o f  p -c h lo ro b e n za ld lm in e  i s  1 3 9 .5 .
2 -  and 3 -A ld im in o p y rid in e . A d d itio n  o f  2 -c y a n o p y rid in e  to  
an e th e r e a l  s o lu t io n  o f  s tannous brom ide s a tu r a te d  w ith  hydrogen 
brom ide r e s u l t e d  in  a v ig o ro u s r e a c t io n  and im m ediate p r e c i p i t a t i o n  
of a  y e llo w , c r y s t a l l i n e  s o l i d .  The w eig h t o f th e  s o l i d  an hour a f t e r  
th e  a d d i t io n  o f  th e  n i t r i l e  was g r e a te r  th a n  th e  t h e o r e t i c a l  amount o f  
n i t r i l e  s ta n n ib ro m id e  complex w hich co u ld  have been form ed. S a tu ra ­
t i o n  w ith  hydrogen bromide o f an e th e r e a l  m ix tu re  o f  t h i s  s o l id  a t  
r e g u la r  i n t e r v a l s  over a p e r io d  o f  fo u r  days made no a p p a re n t change. 
N e ith e r  a ld eh y d e  n o r imine was o b ta in e d  from th e  y e llo w  su b s ta n c e  in  
any but t r a c e  am ounts. I t  seemed p ro b a b le  th a t  th i s  n i t r i l e  had been 
complexed by th e  r e a c t io n  m ix tu re  w ith o u t a f f e c t in g  th e  cyano group in  
much th e  same way as th e  p -a m in o b e n z o n itr i le  p r e v io u s ly  d e s c r ib e d .
T here was no s ig n i f i c a n t  d i f f e r e n c e  betw een th e  r e a c t io n  o f  
th e  2 - and 3 -cy an o p y rid in es  when t r e a te d  in  t h i s  way. A lthough a 
c a r e fu l  s tu d y  was n e t made, on h y d ro ly s is  th e  3 -cyano complex seemed 
to  y ie ld  s l i g h t l y  la r g e r  amounts o f a ldehyde th a n  d id  th e  2 -cyano 
com plex. T h is q u a n t i ty  of a ldehyde was s t i l l  to o  s m a l l ,  how ever, to  
j u s t i f y  f u r th e r  w ork.
p -A ld im inobenzo ic  A cid . The in te rm e d ia te  com plex o f  th i s  
a ld im in e  formed from r e a c t io n  o f  p -cyanobenzo ic  a c id  and a hydrogen 
brom ide s a tu r a t e d  d ie th y l  e th e r  s o lu t io n  o f s tan n o u s  brom ide was 
o b ta in e d  i n  95% y ie ld .  The r a t i o  o f  s a l t  to  n i t r i l e  u sed  was 3 :1 ; th e  
m ix tu re  was s a tu r a t e d  w ith  hydrogen brom ide a t  24 h o u r in t e r v a l s  f o r  
th re e  days b e fo re  f i l t r a t i o n  o f  th e  com plex. D ecom position  o f  th e
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C'9n>p!.«x was accom plished  w ith  a fo u r tim es e x c e ss  o f  t r ie th y la m in e ;  
th e  y ie ld  o f  im ine monomer o b ta in e d  was 26.6% , No polym er was i s o l a t e d .
The p h y s ic a l  c o n s ta n ts  o f  th e  monomer a r e  shown in  T ab le 111, 
th o se  o f  th e  d e r iv a t iv e s  o f  th e  monomer in  T ab le  IV , and th e  i n f r a - r e d  
spectrum  i n  Spectrum  V I. Use o f  th e se  p h y s ic a l  c o n s ta n ts  in  th e  
L o ren tz -L o ren z  e q u a t io n  fo r  m olar r e f r a c t i o n  shows a  d e v ia tio n  o f 
1,72% from th e  v a lu e  o b ta in e d  by summing th e  r e f r a c t i v e  e q u iv a le n ts  
o f  th e  m o lecu la r  p a r t s .  The e x p e rim e n ta l v a lu e  fo r  th e  r e f r a c t io n  was 
4 1 .2 ,  w h ile  th e  t h e o r e t i c a l  one was 4 0 .5 1 . The d i f f e r e n c e  between 
th e  two i s  sm all and th e  p e rc e n t v a r i a t i o n  com pares fav o rab ly  w ith  
o th e r  w ork , b u t even  t h i s  sm a ll v a r i a t i o n  has  a  p o s s ib le ,  and r e a s o n ­
a b le ,  e x p la n a tio n ^  I f  th e  a d d i t io n  o f  a  c a rb o x y l group to  the b en za ld ­
im ine m o lecu le  a t  th e  p a ra  p o s i t io n  i s  c o n s id e re d  an e x te n s io n  o f  
c o n ju g a tio n  i n  th e  m o le c u le , and i t  n o rm ally  i s ,  th e n  an o p t ic a l  
e x a l t a t io n  would be p re d ic te d  by th e o ry  (5 9 ) .  S in ce  th e  v a r ia t io n  
betw een v a lu e s  i s  an  e x a l t a t i o n ,  th e  e x p e rim e n ta l v a lu e  seems to  be 
v in d ic a te d .
A n a ly s is  by  th e  sem im icro method o f  Dumas showed the im ine 
monomer to  c o n ta in  9.40% n i t ro g e n .  p -A ld im inobenzo lc  a c id  c o n ta in s  
9.39% n i t r o g e n .  A ttem pts to  o b ta in  an e q u iv a le n t  w e ig h t by th e  
d e te rm in a tio n  o f r e l a t i v e  a l k a l i n i t y  o f  th e  compound w ere u n s u c c e s s fu l .
p -A ld im in o b en za ld eh y d e . The in te rm e d ia te  complex of t h i s  
im ine was p re p a re d  u s in g  a n i t r i l e  to  s a l t  r a t i o  o f  3 :1 .  Only 0 .1  
m ole o f  th e  n i t r i l e  was a v a i la b le  fo r  u s e ,  c o n s e q u e n tly  th e  amount o f  
s o l i d  p r e c i p i t a t i n g  from th e  r e a c t io n  m ix tu re  was n o t g r e a t .  Four days 
a f t e r  a d d i t io n  o f  th e  n i t r i l e ,  t r ie th y la m in e  was added to  the m ix tu re
40
u n t i l  d eco m p o sitio n  was co m p le te . The amount o f  amine u sed  in  th e  
c o m p o s itio n  was th r e e  tim es th e  amount o f n i t r i l e  used  i n  complex 
fo rm a tio n . No a ld im in e  was i s o l a t e d .  However, i t  was p o s s ib le  to  
p re p a re  d e r iv a t iv e s  o f  te re p h th a la ld a h y d e  from th e  d eco m p o sitio n  
f i l t r a t e .  These d e r iv a t iv e s  a r e  p re se n te d  in  T ab le IV.
I t  i s  s u r p r i s in g  th a t  a t  l e a s t  some a ld im in e  was no t i s o l a t e d .  
The re a s o n  seemed to  be a  f a i l u r e  i n  com plex fo rm a tio n . I n f r a - r e d  
s p e c t r a  o f th e  decom position  f i l t r a t e  showed th e  p re se n c e  o f  a r e l a t i v e l y  
la r g e  amount o f  n i t r i l e .
-N ap h th a ld im in e . A d d itio n  o f  0 .1  m oles o f  -n ap h th o - 
n i t r i l e  to  0 .3  moles o f  e th e r e a l  s tan n o u s  brom ide com plex r e s u l t e d  in  
im m ediate r e a c t io n ,  bu t p r e c i p i t a t i o n  d id  no t occur fo r  th re e  d ay s . The 
com plexes o f  a l l  th e  o th e r  im ines p re p a re d  were w h ite  o r  p a le  y e llo w , 
b u t t h a t  o f  o ( -n a p h th a ld im in e  was a  b r ig h t  medium g re e n . The complex 
m ix tu re  was s a tu r a te d  d a i ly  w ith  hydrogen brom ide b u t a f t e r  s i x  days 
o n ly  15.4% o f th e  t h e o r e t i c a l  amount o f  th e  complex had p r e c ip i t a t e d .
The e n t i r e  r e a c t io n  m ix tu re  a lo n g  w ith  th e  p r e c i p i t a t e d  s o l id  was sub ­
je c te d  to  d eco m p o sitio n  by t r i e th y la m in e .  The im ine was i s o la te d  in  
49.5% y i e l d .
N itro g en  a n a ly s is  by th e  sem im icro  Dumas method showed a 
n i t r o g e n  c o n te n t  o f  9.01%. oc -N aph tha ld im ine  c o n ta in s  9.03% n i t ro g e n .  
P h y s ic a l  c o n s ta n ts  o f  th e  compound a re  shown in  T ab le I I I .  The 
d e r iv a t iv e s  w hich w ere p re p a re d  a r e  l i s t e d  in  T ab le IV.
o ( -N a p h th y la e e ta ld im in e . A m olar r a t i o  o f  o< -n a p h th y la c e to -  
n i t r i l e  to  e th e r e a l  s tan n o u s  com plex o f  1 :3  was used i n  form ing th e  
s ta n n ic  com plex o f  t h i s  a ld im in e . The m ix tu re  was s a tu r a t e d  d a i ly
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w ith  anhydrous hydrogen  b rom ide, b u t a f t e r  e ig h t  days o n ly  1.3% o f th e  
t h e o r e t i c a l  q u a n t i ty  o f  th e  ye llo w  complex had p r e c i p i t a t e d .  Decomposi­
t i o n  o f  th e  s ta n n ic  com plex was accom plished  by a d d i t io n  o f  an ex cess  
o f  t r ie th y la m in e  to  th e  com plex r e a c t io n  m ix tu re .  The im ine was i s o ­
la te d  from th e  d eco m p o sitio n  f i l t r a t e  as th e  h y d ro c h lo r id e , and , a f t e r  
tho rough  w ashing o f  th e  s a l t  w ith  d ie th y l  e t h e r ,  was re g e n e ra te d  w ith  
l iq u id  ammonia. A y ie ld  o f  23% was o b ta in e d .
The p h y s ic a l  c o n s ta n ts  o f  o< -n a p h th y la e e ta ld im in e  a re  g iv e n  
in  T ab le  I I I  and th e  d e r iv a t iv e s  p re p a re d  a r e  l i s t e d  in  T ab le  IV. The 
in f r a - r e d  spec trum  i s  shown in  Spectrum  V II . A n a ly s is  o f  th e  a ld im in e  
fo r  n it ro g e n  c o n te n t  by th e  sem im icro  Dumas method showed 8.33% n i t ro g e n .
< -N a p h th y la e e ta ld im in e  c o n ta in s  8.28% n i t r o g e n .
o -T ric h lo ro m e th y lb e n z a ld im in e . A lthough  a 3 :1  m ix tu re  o f 
s tan n o u s  com plex and o - t r ic h lo r o m e th y lb e n z o n i t r i le  had been  s a tu r a te d  
d a i ly  w ith  hydrogen  b rom ide , no s ta n n ic  com plex had p r e c ip i t a t e d  a f t e r  
f iv e  d a y s . T h is  m ix tu re  was t r e a te d  w ith  an  ex cess  o f  t r ie th y la m in e  
and th e  deco m p o sitio n  p ro d u c ts  w ere v e ry  th o ro u g h ly  washed w ith  d ry  
e th e r .  When th e  d eco m p o sitio n  f i l t r a t e  was reduced  in  volum e, a la rg e  
amount o f  d a rk  brow n, im ine c o n ta in in g  m a te r ia l  was o b ta in e d . A f te r  
d i s t i l l a t i o n  o f  t h i s  s u b s ta n c e ,  th e  a ld im in e  f r a c t io n  was f u r th e r  p u r i ­
f ie d  by p r e p a r a t io n  and i s o l a t i o n  o f  th e  im ine h y d ro c h lo r id e . The 
im ine was re g e n e ra te d  w i th  l i q u id  anm onia. A y ie ld  o f  44% was o b ta in e d .
The p h y s ic a l  c o n s ta n ts  o f  o - tr ic h lo ro m e th y lb e n z a ld im in e  a re  
g iv en  in  T ab le I I I .  The d e r iv a t iv e s  o f  th e  im ine and i t s  h y d ro ly s is  
p ro d u c t a re  g iv e n  i n  T ab le  IV. The in f r a - r e d  spectrum  o f  th e  compound 
i s  g iv e n  in  Spectrum  V I I I .
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A n a ly s is  by th e  se m ia ic ro  Dumas method showed a n i t r o g e n  
c o n te n t  f o r  th e  p re p a re d  a ld im in e  o f  5.87%. D e te rm in a tio n  o f  th e  t o t a l  
a l k a l i n i t y  fo r  th e  compound by th e  method o f Id d in g s  showed an e q u iv a ­
l e n t  w e ig h t o f  220 . o -T ric h lo ro m e th y lb en z a ld im in e  c o n ta in s  5.84% 
n i t r o g e n  and has an e q u iv a le n t  w eigh t o f  2 2 2 .5 .
p -T ric h lo ro m e th y lb e n z a ld lro ln e . p -T r ic h lo ro m c th y lb e n z o n ltr l lc  
was In s o lu b le  In  d ie th y l  e th e r ,  b u t ,  on a d d i t io n  o f  th e  compound to  
th r e e  tim e s  I t s  m olar q u a n t i ty  o f  e th e r e a l  s tan n o u s  brom ide com plex, 
s o lu t i o n  was im m ediate . R e ac tio n  was not v ig o ro u s  but p r e c i p i t a t i o n  
o c c u rre d  w i th in  15 m inu tes o f th e  a d d i t io n  o f  th e  n i t r i l e .  On i s o l a ­
t i o n  fo u r  hours a f t e r  i n i t i a l  p r e c i p i t a t i o n  th e  ye llow  p r e c i p i t a t e  
w eighed tw ic e  th e  th e o r e t i c a l  amount o f  th e  com plex. D ecom position  
o f  t h i s  s o l id  w ith  t r ie th y la m in e  r e s u l t e d  in  th e  i s o l a t i o n  o f  abou t 
1% o f  th e  t h e o r e t i c a l  amount o f  a ld im in e . This sm all y ie ld  was no t 
due to  la c k  o f  decom position  a g en t fo r  a th re e  tim es m olar ex ce ss  o f 
amine was u sed  i n i t i a l l y  on d eco m p o sitio n . A f te r  th e  sm a ll amount 
o f  im ine r e s u l t i n g  became a p p a re n t,  f u r th e r  d eco m p o sitio n  o f  th e  
i n i t i a l  d eco m p o sitio n  p r e c i p i t a t e  was a ttem p ted  w ith  no e f f e c t .  A 
p o s s ib le  e x p la n a tio n  fo r  th i s  sm a ll y ie ld  may be th e  i n s o l u b i l i t y  o f  
th e  im ine in  d ie th y l  e th e r .  S in ce  p - t r ic h lo r o m e th y lb e n z o n i t r i le  i s  
v e ry  in s o lu b le  i n  d ie th y l  e t h e r ,  one would no t ex p ec t th e  im ine to  be 
v e ry  s o lu b le  i n  t h i s  s o lv e n t .  T e s ts  w ith  th e  i s o la te d  im ine su p p o rt 
t h i s  c o n c lu s io n . I t  seems p o s s ib le  th a t  more o f  th e  a ld im in e  was formed 
in  th e  r e a c t io n  m ix tu re  bu t was sim ply  n o t removed by th e  s o lv e n t .
I n s u f f i c i e n t  q u a n t i t i e s  o f th e  compound w ere p re p a re d  to  make 
a n a ly s i s  p o s s ib le .  The m e ltin g  p o in t o f  th e  compound i s  shown in
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T able I I I  and th o se  o f  i t s  d e r iv a t iv e s  a r e  shovn in  T ab le  IV.
P re p a ra t io n  o f  D e r iv a t iv e s .  As a s te p  in  th e  i d e n t i f i c a t i o n  
and c h a r a c te r i z a t i o n  o f  th e  a ld im in e s  a s e r i e s  o f  d e r iv a t iv e s  w ere 
p re p a re d . These w ere o f  two ty p e s .  One group was p re p a re d  from th e  
im ine i t s e l f ;  th e  o th e r  was o f th e  h y d ro ly s is  p ro d u c t,  th e  c o rre sp o n d in g  
a ld e h y d e , o f  th e  im lne . These d e r iv a t iv e s  a re  l i s t e d  in  T ab le IV.
Four im ine d e r iv a t iv e s  w ere p re p a re d ; th e s e  w ere th e  h y d ro ­
c h lo r id e s ,  b en ze n esu lfo n am id es , o x a l a t e s ,  and p h e n y l th io u re a s .
The im ine h y d r o c h lo r id e s  w ere prepared  by m ix ing  eq u a l volum es  
o f  e th e r  sa tu r a te d  w ith  hydrogen c h lo r id e  and a d i lu t e  e th e r e a l  im ine  
s o lu t io n .  P r e c ip i t a t io n  was im m ediate. The p r e c ip i t a t e s  w ere th o ro u g h ly  
washed w ith  anhydrous e th e r  and d r ie d  under vacuum.
The benzenesu lfonam ide d e r iv a t iv e s  w ere p re p a re d  by m ixing  
equal p a r t s  o f  b en z e n e su lfo n y l c h lo r id e  and a 1 :1  s o lu t io n  o f  a b s o lu te  
e th a n o l and im in e , and warming th e  m ix tu re .  The m ix tu re  was co o led  
a f t e r  f iv e  m inu tes to  0°C, and a  10% sodium h y d ro x id e  s o lu t io n  was 
added s lo w ly  and w ith  sh ak in g  u n t i l  r e a c t io n  c e a se d . The d e r iv a t iv e s  
were r e c r y s t a l l i z e d  from e th a n o l .
Oximides were p re p a re d  by b o i l in g  a 2 :1  m ix tu re  o f  e th y l  
o x a la te  and im ine fo r  two m in u te s . The p ro d u c t was r e c r y s t a l l i z e d  
from e th a n o l .
In  p re p a r in g  th e  p h e n y lth io u re a  d e r iv a t iv e s  eq u a l p a r t s  o f  
phenyl i s o th io c y a n a te  and im ine w ere m ixed, and th e  m ix tu re  was b o i le d  
fo r  two m in u te s . The m ix tu re  was th e n  co o led  t o  O^C, f i l t e r e d ,  and 
washed w ith  l i g r o i n  and 50% e th a n o l .  R e c r y s ta l l i z a t i o n  was from 95% 
e th a n o l .
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TABLE I I I
PHYSICAL CONSTANTS OF THE PREPARED ALDIMINES
Imine M.P. B .P .
°C/mm
,20
B en zald im in e 5 8 /4  0 ,9799 1,5259
P h e n y la c e ta ld lm in e  212/731 1,5251
D ip h e n y la c e ta ld im in e  129
o -T o lu a ld im in e  192/734 0 ,9586 1,5212
p -T o lu a ld im in e  3 5 /1 ,1  1.002 1,5358
o -C h lorob en za ld ira in e  177/733 1.1912 1,5589
p -C h lorob en za ld im in e  48
p -A ld im inobenzo ic  A cid 182/733 1 .0505 1.4927
-N aph thald im ine  37 267/734
«K. -N a p h th y la e e ta ld im in e  85 115/728
o -T ric h lo ro m e th y lb e n z a ld im in e  112 208/728
p -T ric h lo ro m e th y lb e n z a ld im in e  135
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B ecause o f  th e  e a s e  o f  h y d r o ly s is  o f  a ld im in e s , h y d r o ly s is  o f  
th e  im ine p r io r  t o  th e  p r e p a r a tio n  o f  an a ldehyde d e r iv a t iv e  was not 
n e c e s s a r y . The a ld im in e s  were sim p ly  m ixed w ith  aqueous s o lu t io n s  o f  
th e  r e a g e n ts  as i f  th ey  had been  a lr e a d y  h y d ro ly sed  t o  th e  a ld eh yd e.
The a ld eh y d e  d e r iv a t iv e s  w hich were p re p a re d  a r e  th e  2 ,4  d in i t r o p h e n y l -  
h y d ra z o n e s , th e  se m ic a rb a z o n e s , and th e  oxim es. These w ere p rep a red  
a c c o rd in g  to  th e  d i r e c t io n s  on d e r iv a t iv e  p r e p a r a t io n  in  S h r in e r  and 
F u so n 's  " I d e n t i f i c a t i o n  o f  O rganic Compounds" (6 0 ) .
I n f r a - r e d  S p e c tra .  I n  re c o rd in g  th e  i n f r a - r e d  s p e c tr a  o f  th e  
a ld im in e s  two in s tru m e n ts  were u sed . S p e c tra  I  -  V I I I  w ere reco rd ed  on 
a  P e rk in -E lm er In f ra c o rd  S p ec tro p h o to m e te r . T h is  in s tru m e n t has th e  
ad v an tag e  o f  b e in g  q u ic k  and e a sy  to  u se  and re c o rd s  th e  a b so rp tio n  
spec trum  in  a sp ace  o n ly  9 .5  in c h e s  i n  le n g th .  A lthough  th i s  s h o r t  
r e c o rd in g  space  le s s e n s  th e  r e s o lu t io n  o f  th e  sp e c tru m , th e  reco rd ed  
spec trum  i s  much e a s i e r  t o  han d le  and r e s o lu t io n  i s  s t i l l  s u f f i c i e n t  
fo r  a l l  b u t q u a n t i t a t iv e  s p e c t r a l  s t u d i e s .  In  th e  ben za ld im in e  p o ly ­
m e r iz a t io n  s tu d y  p re v io u s ly  d e sc r ib e d  g r e a t e r  r e s o lu t io n  o f  th e  
a b s o rp t io n  s p e c t r a  was d e s i r a b le  in  o rd e r  t h a t  any change in  the  
r e a c t io n  m ix tu re s  would be e a s i l y  a p p a re n t .  For t h i s  re a so n  th e se  
s p e c t r a  w ere re c o rd e d  u s in g  a P e rk in -E lm er I n f r a - r e d  S p e c tro m e te r , 
model 12c. Only th e  fo u r  p o in ts  o f  v a r i a t i o n  in  th e  s p e c t r a  o f th e  
r e a c t io n  m ix tu re s  a re  shewn in  F igu re  I  b ecau se  th e  s p e c t r a l  re c o rd in g s  
a re  4 .5  f e e t  in  le n g th .  The e n t i r e  b en za ld im in e  spec trum  i s  shown 
in  Spectrum  I .
The spectrum  o f  p - to lu a ld im in e .  Spectrum  I I I ,  was reco rd ed  
from a ca rb o n  t e t r a c h l o r i d e  s o lu t io n  o f  th e  im in e . A ll  o th e r  s p e c tr a
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TABLE IV
DERIVATIVES OF THE PREPARED ALDIMINES
Im ine D e riv a tiv e s*  (M,P.®C)
A B C D E F
B enzald im ine 235-6 203 222 35
P h e n y la c e ta ld im in e 110 173 153-4 84-86
D ip h e n y la c e ta ld im in e 120
o -T o lu a ld iro in e 193 239 212 225d
m -T oluald im ine 194 203-5 200 200
p -T o lu a ld im in e 234 233 212d
o -C h lo ro b en ze ld im in e 206 111 226
p -C h lo ro b en za ld im in e 264d 226 230 149
o -T ric h lo ro m e th y lb e n z a ld im in e 111 194 212
p -T ric h lo ro m e th y lb e n z a ld im in e 112 172 209
p-A ld im inobenzo ic  A cid 287d 237 199 209
p-A ldehydobenzald im ine 278d 155
-N aph thald im ine 195 221 98 292
-N a p h th y la c e ta ld im in e 65 208 118-9 223
*  A -  2 ,4  D in itro p h e n y lh y d ra z o n e  
B -  H ydro ch lo rid e  
C -  Sem icarbazone 
D -  Oxime
E -  B enzenesulfonam ide 
F -  Qximide 
G -  P h e n y lth io u re a  
d -  w ith  d eco m p o sitio n
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w ere re c o rd e d  u s in g  th e  p u re  a ld lia in e .
I t  has b een  r e p o r te d  (61 ) th a t  th e  c h a r a c t e r i s t i c  a b s o rp tio n  
bands o f  th e  im ine  g ro u p , th e  >C*N-, and -N-H a b s o r p t io n  b an d s , f a l l  
in  th e  ran g es  5 .7  -  5.8yu and 3 .3  -  3,5^^ r e s p e c t iv e ly  when re c o rd e d  
from seco n d a ry  Im in es . I t  i s  o f  i n t e r e s t  th a t  o n ly  a v e ry  sm a ll s h i f t  
from th e  k e tim in e  a b s o rp t io n  bands is  shown by th e  a ld im in e  s p e c t r a .  
T his s h i f t  i s  in  th e  d i r e c t i o n  o f  3yu .
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CHAPTER I I I
RELATED EXPERIMENTAL
T h is  c h a p te r  i s  d ev o ted  to  th e  d is c u s s io n  o f  p r e p a ra t io n s  
and p ro c e d u re s  w hich w ere perfo rm ed  b u t w hich a re  n o t d i r e c t l y  
co n n ec ted  w ith  im ine p r e p a r a t io n  and i s o l a t i o n .
P re p a ra t io n  o f  Cerous C h lo r id e . A lthough chrom ous, v an ad o u s, 
and t i t a n o u s  s a l t s  had been r e p o r te d  (16) as i n e f f e c t iv e  rep la cem e n ts  
f o r  s ta n n o u s  h a l id e s  i n  th e  S tep h en  r e a c t io n ,  i t  was f e l t  t h a t  ce ro u s  
s a l t s  m ig h t be e f f e c t i v e l y  u s e d . U n fo r tu n a te ly  th e  o n ly  c e ro u s  h a l id e  
a v a i l a b l e  was c e ro u s  c h lo r id e  h e p ta h y d ra te  and a l l  a tte m p ts  t o  dehyd­
r a t e  th e  s a l t  p roved  u n s u c c e s s fu l .  The ce ro u s  io n  was c o n se q u e n tly  no t 
t r i e d  as a re d u c in g  ag en t fo r  n l t r i l e s .
The a t te m p ts  a t  d e h y d ra t io n  o f  th e  h e p ta h y d ra te  in c lu d e d  th e  
u se  o f  h e a t  and vacuum, d e h y d ra tin g  a g e n ts  such  as magnesium p e rc h lo ­
r a t e  in  an  e v a c u a te d , h ea ted  sy s te m , and p a r t i a l  s o lu t io n  o f  th e  s a l t s  
i n  s o lv e n ts  w hich form a z e o tro p e s  w ith  w a te r .  The l a s t  m ethod was th e  
m ost s u c c e s s f u l .  U sing e th a n o l as th e  s o lv e n t  and lo n g  p e r io d s  o f  
r e f lu x  fo llo w e d  by c a r e fu l  d i s t i l l a t i o n ,  some o f th e  ce ro u s  s a l t  was 
p re p a re d  w hich c o n ta in e d  o n ly  0 . 2 0  m oles o f  w a te r p e r  mole o f  s a l t .
T h is  was th e  m ost n e a r ly  anhydrous form o f  th e  s a l t  o b ta in e d , and th i s  
c o n ta in e d  f a r  to o  much w a te r f o r  u s e  i n  im ine p r e p a ra t io n .  A lthough
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f u r th e r  d e h y d ra tio n  o f  th e  s a l t  was p ro b a b ly  p o s s ib le ,  p ro d u c tio n  o f  
s u f f i c i e n t  q u a n t i t i e s  o f  th e  re d u c in g  ag e n t by t h i s  method d id  n o t seem 
p r a c t i c a l  and th e  a tte m p t was abandoned.
A n a ly s is  o f  th e  v a r lo iis  c e ro u s  c h lo r id e  h y d ra te s  w hich  w ere 
produced  was by th e  v o lu m e tr ic  sodium  b ism u th a te  method o f  M etzg e r.
The p ro c e d u re  as p re s e n te d  in  volume one o f  " S c o t t 's  S tan d a rd  M ethods 
o f C hem ical A n a ly s is"  (62 ) was fo llo w ed  e x a c t ly .
A n a ly s is  o f  S tannous Brom ide. A n a ly s is  o f  th e  s ta n n o u s  
brom ide w hich was u sed  was by e l e c t r o l y t i c  d e p o s it io n  o f  th e  t i n  from 
an o x a l ic  a c id  s o lu t io n .  The a n a ly s i s  was done on a S a rg e n t-S lo m ln  
E l e c t r o l y t i c  A n a ly se r; th e  e le c t r o d e s  u sed  were co p p e r. The g e n e ra l 
method o f  a n a ly s is  i s  p re se n te d  in  H. J .  S . S a n d 's  " B le c trc c k e m ls try  
and E le c tro c h e m ic a l A n a ly s is "  (6 3 ) .  A n a ly s is  showed th e  s tan n o u s  
brom ide u sed  to  be 98.5% p u re .
P ré p a ra t io n  o f S tan d a rd  S o lu tio n s  fo r  A lk a l in i ty  T i t r a t i o n s .  
S e v e ra l o f  th e  a ld im in es  w hich w ere p re p a re d  w ere t i t r a t e d  f o r  t o t a l  
a l k a l i n i t y ,  th e  r e s u l t s  b e in g  used  as a m easure o f  p u r i t y  and as a 
method o f  d e te rm in in g  e q u iv a le n t w e ig h t. The method was d ev eloped  
fo r  u se  w ith  Im ines by Id d in g s  (5 8 ) ;  i t  in v o lv e s  th e  nonaqueous p o te n -  
t io m e t r ic  t i t r a t i o n  o f  th e  im ine in  a  le v e l in g  s o lv e n t .
G la c ia l  a c e t ic  a c id  was u sed  as th e  s o lv e n t  fo r  th e  t i t r a t i o n s .  
The t i t r a t i n g  a g e n t was p e r c h lo r ic  a c id .  A s ta n d a rd  0 .1  N s o lu t i o n  o f  
th i s  a c id  was p re p a re d  by m ixing 9 m is . o f  72% p e r c h lo r ic  a c id  i n  sm all 
p o r t io n s  w ith  50 m is . o f  g l a c i a l  a c e t i c  a c id  a t  0°C. This m ix tu re  was 
d i lu te d  to  volume w ith  g l a c i a l  a c e t i c  a c id  in  a  1 0 0 0  m l. v o lu m e tr ic  
f l a s k .  T h is  s o lu t io n  was s ta n d a rd iz e d  a g a in s t  a s o lu t io n  o f  s ta n d a rd
58
b a s e . The b a s ic  s ta n d a rd  was p re p a re d  u s in g  p o ta ss iu m  a c id  p h th a la te  
a s  a  p rim ary  s ta n d a rd  in  g l a c i a l  a c e t i c  a c id .
P re p a ra t io n  o f  p-C yanobenzylbrom ide. T h is  compound was 
p re p a re d  by th e  p h o to b ro m in a tio n  o f  p - t o l u n i t r i l e  u s in g  l i q u id  bromine 
and l i g h t  from  a 200 w a t t ,  u n f r o s te d ,  in c a n d e sc e n t l i g h t  b u lb . The 
method was developed  by R. C. Fuson (6 4 ) .  The compound was o b ta ined  
i n  47% y ie ld .
P re p a ra t io n  o f  S a lic y la ld o x im e . S a lic y la ld o x im e  was prepared  
i n  90% y ie ld  by th e  method o f  R a ifo rd  and C la rk  (6 5 ) .  The g en e ra l 
method was th e  r e a c t io n  of s a l ic y la ld é h y d e  and hydroxylam ine hydro­
c h lo r id e  in  a n  a lk a l in e  s o lu t io n .
P re p a ra t io n  o f  B enzaldim ine by th e  Method o f  H. H. S tr a in .
In  1927 H. H. S t r a in  ( 8 ) r e p o r te d  th e  p r e p a ra t io n  o f  a  compound he 
b e l ie v e d  to  b e  b en za ld im in e . The compound was p re p a re d  by allow ing  
hydrobenzam ide to  s lo w ly  d is s o lv e  o v e r a p e r io d  o f  30-40 hours in  l iq u id  
ammonia c o n ta in in g  a t r a c e  o f  ammonium c h lo r id e .  C o n c e n tra tio n  and 
c o o l in g  o f  th e  m ix tu re  r e s u l t e d  in  th e  s e p a r a t io n  o f  th e  im ine as a 
c r y s t a l l i z a b l e  o i l .  D ecom position o f  th e  l a r g e ,  t r a n s p a r e n t  c r y s ta l s  
o f  im ine o c c u rre d  i f  i t  was d is s o lv e d  in  any s o lv e n t  o th e r  th an  l iq u id  
ammonia. The m e ltin g  p o in t was th a t  o f  hydrobenzam ide. Many of th e  
r e a c t io n s  r e p o r te d  a re  a ls o  th o se  o f  hydrobenzam ide.
S in ce  th e  p r o p e r t i e s  and r e a c t io n s  o f  S t r a i n 's  compound a re  
s o  d i f f e r e n t  from th o s e  of th e  compound i s o la t e d  and r e p o r te d  in  th i s  
work as b e n z a ld im in e , an  e f f o r t  was made to  p re p a re  th e  compound which 
S t r a i n  r e p o r te d .  Four a tte m p ts  w ere made to  r e p e a t  th e  re p o r te d  work; 
a l l  w ere u n s u c c e s s fu l .  The d i r e c t io n s  g iv e n  in  th e  r e p o r t  were
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fo llow ed  e x a c t ly  in  th e  f i r s t  p r e p a r a t io n .  When t h i s  was u n s u c c e s s fu l ,  
th e  amount o f  hydrobenzam ide was v a r ie d  and a d d i t io n a l  tim e fo r  r e a c t io n  
a llo w ed . A lthough  b o th  more and le s s  am ide p e r volume o f ammonia was 
u se d , n e i th e r  o i l  nor c r y s t a l s  were o b ta in e d . In  th e  l a s t  p r e p a r a t io n ,  
th e  amount o f  ammonium c h lo r id e  used  was in c re a s e d ;  S t r a i n 's  r e p o r t  
m entioned  th a t  an  a c id  sh o u ld  be used  in  th e  r e a c t io n .  A gain n o th in g  
was found on c o n c e n tra t io n  o f  th e  m ix tu re  b u t ammonia, ammonium c h lo r id e  
and hydrobenzam ide. The p r e p a r a t io n  wan n o t p u rsued  f u r th e r .
CHAPTER IV 
DISSCÜSSION OF RESULTS
P rev io u s  w orkers have r e p o r te d  the p r e p a r a tio n  and I s o la ­
t io n  o f  f iv e  a ld im in e s ;  th e s e  are  b e n z a ld im in e , p h e n y la c e ta ld im in e , 
d ip h e n y la c e ta ld im in e , a c e ta ld im in e , and «< -m e th o x y a ceta ld im in e . In  
t h is  work a tte m p ts  w ere made t o  p repare and c h a r a c te r iz e  the f i r s t  
th r ee  o f  t h e s e ,  b u t o n ly  th e  p r e p a r a tio n s  o f  b en za ld im in e  and d ip h e n y l­
a c e ta ld im in e  w ere s u c c e s s f u l .  T h is ch ap ter  i s  d ev o ted  to  a d is c u s s io n  
o f p o s s ib le  r e a so n s  fo r  th e  v a r ia t io n s  in  d e s c r ip t io n  o f  b en za ld im in e  
as p r e v io u s ly  r e p o r te d  and as r e p o r te d  h e r e , and to  p o s s ib le  rea so n s  
fo r  th e  la c k  o f  s u c c e s s  in  p rep arin g  p h e n y la c e ta ld im in e . In th e  
co u rse  o f  p r e p a r in g  th e  compounds d e sc r ib e d  in  C hapter I I  p a tte r n s  o f  
im ine r e a c t i v i t y  and o f  y ie ld s  o b ta in ed  have e v o lv e d  which seem to  
su g g e s t  ways in  w h ich  im in es may r e a c t .  These are a l s o  d is c u s s e d .
B en za ld im in e  and i t s  d e r iv a t iv e s  have been in v e s t ig a te d  by 
more w orkers th an  any o th e r  a ld im in e . U n fo r tu n a te ly  th ere  has been  
very  l i t t l e  agreem ent a s  to  i t s  p r o p e r t ie s .  I t  was p o in te d  out in  
Chapter I I  th a t  b e c a u se  o f  t h i s  d isagreem en t s p e c ia l  ca re  was taken  
in  p u r i f i c a t io n  and c h a r a c te r iz a t io n  o f  the compound d e sc r ib e d  th e r e  
as b en za ld im in e . D e r iv a t iv e s  were prepared w hich  show th e  p resen ce  
o f  a b a s ic  and in c o m p le te ly  s u b s t i t u t e d  n itr o g e n , w h ile  o th e rs  were
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p re p a re d  w hich c o l l e c t iv e l y  c h a r a c te r i z e  th e  h y d ro ly s ie  p ro d u c t o f  th e  
compound. A f te r  com parison o f  th e  p h y s ic a l  c o n s ta n ts  o f th e  d e r iv a t iv e s  
o f th e  h y d ro ly s is  p ro d u c t w ith  th e  v a lu e s  r e p o r te d  fo r  th e  d e r iv a t iv e s  
o f v a r io u s  a ld e h y d e s , th e r e  can  be  l i t t l e  doubt th a t  t h i s  p ro d u c t i s  
b en za ld eh y d e . The n it ro g e n  compound p re p a re d  was s u b je c te d  to  two 
e n t i r e l y  d i f f e r e n t  types o f  a n a ly s i s .  The t o t a l  a l k a l i n i t y ,  and from 
th i s  an  e q u iv a le n t  w e ig h t, was d e te rm in e d ; in  th e  second a n a ly s is  th e  
n i t r o g e n  c o n te n t  was found by th e  w e ll known, sem im icro Dumas m ethod.
In  each  ca se  th e  v a lu e  o b ta in e d  ag reed  w ith  th a t  o f  b en za ld im in e . The 
p re se n c e  and ty p e  o f  n i t ro g e n  in  th e  compound and th e  s t r u c t u r e  o f  th e  
n o n -n itro g e n  c o n ta in in g  p o r t io n  o f  th e  m o lecu le  had been shown by 
d e r iv a t iv e  p r e p a r a t io n ,  and a n a ly se s  o f  two ty p e s  con cu rred  w ith  th e  
p roposed  s t r u c t u r e .  I t  rem ained  o n ly  to  show th e  s t r u c t u r a l  r e l a t i o n ­
sh ip s  o f  th e  i n t a c t  m o lecu le . An in d ic a t io n  o f  t h i s  s t r u c t u r e  is  
g iv en  by th e  in f r a - r e d  spec trum  o f  th e  p re p a re d  compound. Study o f 
t h i s  sp ec tru m , p re se n te d  in  C h ap te r I I ,  shows a b s o rp tio n  bands f a l l i n g  
in  th e  ran g es  o f  a b s o rp tio n  o f  th e  "N-H, and -C=N- g ro u p s. The 
rem a in in g  p o r t io n s  o f th e  spec trum  show a b s o rp tio n  in  th e  re g io n s  
u s u a l ly  a s s o c ia te d  w ith  m o n o -su b s titu te d  benzeno id  compounds. On th e  
b a s is  o f  a l l  th e  ev id e n c e , i t  seems h ig h ly  p ro b a b le  th a t  th e  p rep a red  
compound i s  b en za ld im in e .
The p h y s ic a l c o n s ta n ts  o f  b en za ld im in e  and i t s  d e r iv a t iv e s  
r e p o r te d  by o th e r  w orkers and in  t h i s  s tu d y  a re  shown in  T ab le  V. The 
v a lu e s  p re s e n te d  in  C hap ter I I  and th o se  o f  G rig n a rd  and E scourrou  ( 6 ) 
fo r  d e n s i ty  and r e f r a c t iv e  index  d i f f e r  too  g r e a t ly  to  be e x p la in e d  on 
th e  b a s is  o f  th e  tem p era tu re s  a t  w hich th e  d e te rm in a tio n s  w ere made.
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The F rench  au th o rs  p re p a re d  t h e i r  compound by th e  c a t a l y t i c  hydrogena­
t i o n  o f  b e n z o n i t r i l e  u s in g  n ic k e l  as a c a t a l y s t .  T h e ir  r e p o r t  m entions 
d i f f i c u l t y  in  o b ta in in g  p u re ,  s t a b l e  im ine by d i s t i l l a t i o n  and th a t 
some benzylam ine was formed in  th e  h y d ro g e n a tio n  r e a c t io n .  For t h i s  
re a so n  i t  seems p o s s ib le  th a t  th e  sam ple o f  b en za ld im in e  w hich they 
o b ta in e d  was no t e n t i r e l y  p u re  and th a t  th e  r e p o r te d  p h y s ic a l  c o n s ta n ts  
a r e  th o se  o f  a m ix tu re . That th e  sam ple o f  G rig n ard  and Escourrou d id  
c o n ta in  some o f th e  im ine i s  s u b s ta n t i a te d  by th e  agreem ent in  m e ltin g  
p o in t o f  th e  h y d ro c h lo r id e  d e r iv a t iv e  r e p o r te d  by them and in  th is  
r e p o r t .
I t  was m entioned  in  C hap ter I  t h a t  t h i s  same im ine hydro­
c h lo r id e  was r e p o r te d  in  an  e a r l i e r  a r t i c l e  by M. Busch ( 5 ) .  The m e l t ­
in g  p o in t  r e p o r te d  was 22°C low er th a n  th a t  found by th e  F rench  w orkers 
and in  t h i s  s tu d y . T h is w ide v a r i a t i o n  would le a d  one to  su sp e c t 
e i t h e r  a n o th e r  compound o r an im pure sam ple .
In  C hapter I I I  th e  u n s u c c e s s fu l a tte m p ts  t o  re p e a t  H. H.
S t r a i n 's  p re p a ra t io n  o f  "ben za ld im in e"  a re  d e s c r ib e d .  T his compound i s  
d e s c r ib e d  by S t r a in  as t r a n s lu c e n t  c r y s t a l s  u n s ta b le  in  any medium, 
in c lu d in g  d ry  a i r ,  o th e r  th a n  l i q u id  ammonia. No d e r iv a t iv e s ,  o f th e  
n i t r o g e n  p o r t io n  o f  th e  m o le c u le , su ch  as th e  h y d ro c h lo r id e ,  a re  r e p o r te d ;  
a ldehyde  d e r iv a t iv e s  a re  r e p o r te d .  T h is  su b s ta n c e  w hich S t r a in  d e s c r ib e s  
i s  v e ry  u n lik e  th e  one d e sc r ib e d  in  C h a p t e r  i i  and by G rig n ard  and 
E sco u rro u . In  c o n s id e r a t io n  o f th e  ev id en ce  s u p p o r t in g  th e  s t r u c tu r e  
o f  th e  compound p re p a re d  and r e p o r te d  h e r e ,  i t  seems l i k e l y  th a t  th e  
t r a n s lu c e n t  c r y s ta l s  w ere no t b en za ld im in e .
C a ta ly t ic  h y d ro g en a tio n  o f p h e n y la c e to n i t r i l e  was u sed  by
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G rig n a rd  and E scourrou  Co o b ta in  p h e n y la c e ta ld lu iln a . They p u r i f i e d  th e  
compound by d i s t i l l a t i o n  a t  a tm o sp h eric  p re s s u re  and d e s c r ib e  i t  as 
b e in g  s t a b l e  and e a s i l y  h an d led . The s t a b i l i t y  u n d er th e s e  c o n d itio n s  
I s  n o t s u r p r i s in g  fo r  a compound o f  t h i s  type  and m o lecu la r  w e ig h t. 
However, when one c o n s id e rs  th a t  th e  Im lne I s  a  tau to m er o f  s ty ry la m ln e  
and th a t  th e  amine I s  th e  more c o n ju g a te d  fo rm , some tendency  to  
ta u to m a t iz a t io n  and p o ly m e riz a tio n  m ight w e ll be e x p e c te d . The o c c u r­
re n c e  o f  a  low m e ltin g  polym er I s  m entioned  in  th e  F rench  a r t i c l e ,  b u t 
no I n d ic a t io n  o f  a r a p id  o r  spon taneous p o ly m e r iz a tio n  i s  g iv e n .
Many a tte m p ts  to  p re p a re  p h e n y la c e ta ld im in e  w ere made, b u t a 
s t a b l e  monomer such  as was d e s c r ib e d  by G rig n ard  and E scou rrou  was 
n ev er o b ta in e d . The p r e p a r a t io n  o f  th e  monomer In  s o lu t io n  and I t s  
r a p id  p o ly m e r iz a tio n  on c o n c e n tra t io n  o r d i s t i l l a t i o n  has been  d e s c r ib e d .  
Even when a  f r a c t io n  o f  monomer was o b ta in e d  by vacuum d i s t i l l a t i o n ,  
fo rm a tio n  o f  a polym er from th e  f r a c t i o n  was a lm o st Im m ediate. F ree 
r a d i c a l  sc a v e n g e rs  i n  th e  system  o n ly  slow ed p o ly m e riz a tio n  and changed 
th e  form o f polym er o b ta in e d . The r e f r a c t i v e  in d ex  o f  th e  monomer, 
even when d e te rm in ed  im m ediate ly  a f t e r  d i s t i l l a t i o n ,  was m arkedly  
d i f f e r e n t  from th a t  o f  th e  e a r l i e r  r e p o r t .
One e x p la n a tio n  o f  th e  d is c re p a n c y  betw een th e  F rench  r e p o r t  
and t h i s  work w hich seems p la u s ib le  I s  th a t  th e  compounds w ere formed 
In  d i f f e r e n t  ways and so  c o n ta in e d  d i f f e r e n t  im p u r i t i e s .  In  each  c a se  
th e  n l t r i l e  was red u ced  to  th e  im ln e , b u t in  th e  e a r l i e r  c a s e  th e  
r e a c t io n  was c a t a l y t i c  w h ile  in  t h i s  work a ch em ica l r e d u c t io n  was u s e d . 
T in  compounds a re  o f te n  u sed  as p o ly m e r iz a tio n  a g e n ts ;  some o f th e se  
same compounds a re  q u i t e  v o l a t i l e .  U ndoub ted ly , any u n re f in e d ,  im lne
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monomer s o lu t io n  w hich  was p re p a re d  c o n ta in e d  a v a r i e ty  o f  t i n  c o n ta in ­
in g  im p u r i t i e s .  T hese m ight e a s i l y  have been  th e  cause  o f  p o ly m e riz a ­
t i o n  on c o n c e n tr a t io n  o f  th e  s o lu t i o n .  Because o f  t h e i r  v o l a t i l i t y ,  
th e s e  same im p u r i t i e s  m ight p o s s ib ly  have been  d i s t i l l e d  o r e n t r a in e d  
a lo n g  w ith  monomer in  a  d i s t i l l a t i o n .  I f  such  w ere th e  c a s e ,  th e  
d i s t i l l e d  im ine m igh t a l s o  p o ly m e riz e . These e x p la n a tio n s  a r e  s u p p o s i­
t i o n .  I t  i s  c e r t a i n ,  how ever, t h a t  fo r  some re a so n  th e  p h e n y la c e ta ld ­
im ine p re p a re d  i n  t h i s  work p o ly m erize d , w h ile  t h a t  o f  G rig n a rd  and 
E scourrou  d id  n o t .  No e x p la n a t io n  i s  o f f e re d  f o r  th e  v e ry  g r e a t  d i f f e r ­
ence  betw een th e  r e f r a c t i v e  index  r e p o r te d  and th e  one found . A lthough  
th e  im ine h y d ro c h lo r id e  o b ta in e d  was th o ro u g h ly  washed and was r e p r e c ip ­
i t a t e d  a f t e r  i s o l a t i o n  o f  th e  s a l t  and r e g e n e ra t io n  o f  th e  im ine w ith  
l i q u id  ammonia, i t  m e lted  7°C low er th a n  th a t  r e p o r te d  i n  th e  F rench  
a r t i c l e .
The p h y s ic a l  c o n s ta n ts  o f  th e  s o l id  d ip h e n y la c e ta ld im in e  and 
i t s  d e r iv a t iv e s  w hich  w ere p re p a re d  ag reed  w ith  th o se  o b ta in e d  by 
K oh ler and D rake (9 )  i n  1923. A lthough  th e  y ie ld  o f th e  im ine was 
sm a ll due to  in c o m p le te  d eco m p o sitio n  o f  th e  in te rm e d ia te  com plex, 
s u f f i c i e n t  amounts o f  th e  compound w ere o b ta in e d  to  i d e n t i f y  i t  as th e  
im ine r e p o r te d  i n  1923. T h is  compound darkens and form s a p o ly m e r- lik e  
m a te r ia l  when h e ld  above i t s  m e lt in g  p o in t  fo r  a  few m in u te s , b u t no 
p o ly m eric  m a te r ia l  was i s o l a t e d  i n  i t s  p r e p a r a t io n .  S in ce  th e  im p u r i t ie s  
p r e s e n t  in  th e  im ine s o lu t io n  r e s u l t i n g  from deco m p o sitio n  o f  th e  i n t e r ­
m e d ia te  complex w ere u n d o u b ted ly  much th e  same a s  th o se  p re s e n t  in  an 
u n re f in e d  s o lu t i o n  o f  p h e n y la c e ta ld im in e , th e  la c k  o f  p o ly m e r iz a tio n  
m ust be  a s c r ib e d  t o  f a c to r s  o th e r  th a n  im p u r ity . The p rim ary  f a c to r s
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h e re  w ere p ro b a b ly  t h a t  th e  compound c r y s t a l l i z e d  on c o n c e n tr a t io n  o f  
i t s  s o lu t io n  and th a t  i t  was p u r if ie d  by r e c r y s t a l l i z a t i o n  r a th e r  th a n  
d i s t i l l a t i o n .  The m ild e r  c o n d itio n s  o f  p u r i f i c a t i o n  and th e  rem oval 
o f  monomer from s o lu t io n  by p r e c i p i t a t i o n  co u ld  have made a  g r e a t  d e a l 
o f  d i f f e r e n c e  i n  th e  r a t e  and amount o f  p o ly m e r iz a tio n  w hich o c c u rre d . 
Some c o n t r ib u t io n  to  s t a b i l i t y ,  however, may have come from s t e r i c  
h in d ra n c e  to  r e a c t io n  by th e  phenyl g roups on th e  carb o n  atom a d ja c e n t  
to  th e  im ine g ro u p . The i s o l a t i o n  of a s u b s t a n t i a l  amount o f  
« ( -n a p h th y la c e ta ld im in e ,  a  s u b s t i tu te d  a c e ta ld im in e  w ith  a  la rg e  
group a d ja c e n t  to  th e  Im ine g ro u p , seems to  su p p o rt th e  p o s s i b i l i t y  
o f  a  s t e r i c  e f f a c e .
T ab le  VI shows th e  r e l a t i v e  am ounts o f  in te rm e d ia te  p r e c i p i t a t e ,  
i s o l a t e d  monomer, and I s o la te d  polym er p lu s  monomer o b ta in e d  from th e  
p r e p a r a t io n  o f  fotch a ld im in e . G en era lly  sp e a k in g  th e  y ie ld s  o f  
i s o l a t e d  complais and o f  polym er plus monomer w ere good, b u t th e  amount 
o f  monomer i s o l a t e d  was low . E xceptions to  t h i s  in  w hich a  f a i r l y  
h ig h  y ie ld  o f  monomeric im ine was o b ta in ed  w ere i n  th o se  c a se s  w here 
th e  im ine g ro u f ;fas a lo n e  on a benzene r in g  o r  w here o th e r  s u b s t i tu e n t s  
on th e  r in g  w ere o f  an e l e c t r o n  w ithdraw ing n a tu re .  P o ly m e riz a tio n  
was g r e a t e s t  and th e  most r a p id  w ith  th e  a l i p h a t i c ,  s u b s t i t u t e d ,  
a c e ta ld im in e ,  and th e  b en za ld lm in es  s u b s t i t u t e d  w ith  e l e c t r o n  d o n a tin g  
g ro u p s .
T h is  s tu d y  was n o t e x te n s iv e  enough to  g iv e  a d e f i n i t e  and 
p o s i t i v e  p i c tu r e  o f  th e  e a se  w ith  which Im ines co u ld  be p re p a re d  and 
i s o l a t e d .  However, th.A d a ta  o b ta ined  d id  seem to  in d i c a te  c e r t a i n  
p a t t e r n s  o f  s t a b i l i t y  and r e a c t i v i t y .  Any c o n c lu s io n s  drawn from t h i s
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in fo rm a tio n  w ere s t i l l  s u p p o s i t io n ,  bu t had enough b a s is  to  be o f  
v a lu e  in  p o in t in g  o u t a re a s  o f  a t ta c k  and s tu d y  in  th e  l a t e r  work.
P o s s ib le  re a so n s  fo r  th e  r e a c t i v i t y  o f  th e  a ld im in es  c o n ta in in g  
an a lp h a  hydrogen atom have been d is c u s s e d  e a r l i e r  in  t h i s  c h a p te r ,  and 
th e  a p p a re n t s t a b i l i t y  o f  th e  co m p le te ly  c o n ju g a te d  im in es , b en za ld im in e  
and oL -n a p h th a ld im in e , m ight have been e x p e c te d . An a re a  o f  p a r t i c u l a r  
i n t e r e s t  w hich one m ight no t have p r e d ic te d ,  how ever, i s  th e  la rg e  
a p p a re n t d i f f e r e n c e  in  r e a c t i v i t y  o f  th e  m o n o su b s titu te d  b en za ld im in es . 
A lthough com plete  in fo rm a tio n  i s  la c k in g ,  th e  benza ld im in es  s u b s t i tu t e d  
w ith  e l e c t r o n  w ith d raw in g  groups seem c o n s id e ra b ly  le s s  r e a c t iv e ,  and 
hence more e a s i l y  i s o l a b l e ,  th a n  th o se  s u b s t i t u t e d  w ith  e le c t ro n  d o n a rs . 
Such r e a c t i v i t y  m ight be uaken as  su p p o rt f o r  an im ine r e a c t io n  
mechanism in  w hich an  a d d i t io n a l  e l e c t r o n  su p p ly  i s  re q u ire d  by th e  
im ine doub le  bond fo r  spon taneous r e a c t io n  a t  room te m p era tu re . A ll  
o f  th e s e  compounds seem to  r e a c t  w ith  th em se lv es  i f  enough h ea t en erg y  
i s  s u p p l ie d ,  b u t a p p a re n tly  o n ly  th o se  r i c h l y  su p p lie d  w ith  e le c tro n s  
have s u f f i c i e n t  energy  a t  room te m p e ra tu re  f o r  im m ediate r e a c t io n .
Thorough t e s t i n g  o f  t h i s  id e a  rem ains to  be done.
The way i s  open fo r  some v e ry  i n t e r e s t i n g  f u tu r e  s tu d ie s ,  now 
th a t  a d e f i n i t e  method o f  a ld im in e  p r e p a r a t io n  and i s o l a t i o n  has been 
d ev e lo p ed . In  a d d i t io n  to  th e  s tu d ie s  o f  in d u c t iv e  e f f e c t s  on im ine 
r e a c t i v i t y  p re v io u s ly  m en tio n ed , th e re  a re  s e v e r a l  a re a s  o f  s tu d y  w hich 
sh o u ld  be e s p e c i a l l y  i n t e r e s t i n g  and p ro d u c tiv e . Among th e s e  a re  
com parisons o f  s t e r i c  e f f e c t s  in  in f lu e n c in g  y ie ld  and compound s t a b i l i t y *  
d e te rm in a tio n s  o f  th e  e a se  w ith  %hich in c o m p le te ly  c o n ju g a ted  a ld im in es  
ta u to m e r iz e ,  and com parisons o f  r e a c t i v i t y  o f  u n s u b s t i tu te d  a l ip h a t i c  
and a ro m a tic  a ld im in e s .
TABLE V
CCMPARISON OF PHYSICAL CONSTANTS
B enzald im ine and i t s  d e r iv a t iv e s
Data Source M.P. B .P . R e fr a c t iv e  D e n s ity  M .P .(A *) M .P .(B*) M .P .(C *)  
Index
Busch (5 )
G rig n ard  and 
E scourrou  ( 6 )
S t r a i n  (4 )


















G rignard and 
E scourrou (6 )
C hapter I I








TABLE V (C o n tin u e d )
D ip h e n y la c e ta ld im in e  and i t s  D e r iv a t iv e s
K ohler and 129d 120°C
D rake (9 )
C h ap te r I I  129d 120°C
O '00
*A -  A ld im ine H y d ro ch lo rid e  
B -  Sem icarbazone o f  A ld im ine H y d ro ly s is  P ro d u c t 
C -  Oxime o f  A ldim ine H y d ro ly s is  P ro d u c t
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TABLE VI
COMPARISON OF ALDIMINE YIELDS OBTAINED 
S u b s t i tu te d  A lip h a tic  Im ines
Im ines Y ield o f Monomer Combined
Complex^ Y ie ld?  Y ie ld ^
P h e n y la c e ta ld im in e  79.87. 70%
D ip h e n y la c e ta ld im in e  6 %
oc -N a p h th y la c e ta ld im in e  1.37. 23%
U n su b s ti tu te d  Benzaldim ine
Imine
B enzald im ine 90% 93,97.
D is u b s t i tu te d  Benzenoid Im ines
Im ines w ith  E le c tro n  
D onating  S u b s t i tu e n t
o -T o lu a ld iro in e  30% 11.2% 21.3%
m -T oluald im ine 98% 50%
p -T o lu a ld im in e  70% 25% 70%
Im ines w ith  E le c tro n  
W ithdraw ing S u b s t i tu e n t
o -C h lo ro b en za ld im in e  72.5% 21.8%
p -C h lo ro b en za ld im in e  99% 72%
p-A ldehydobenzald lm ine
p-A ld im inobenzo ic  A cid 95% 26.2%
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TABLE VI (C on tinued) 
o -T ric h lc ro m e th y lb e n z a ld iin in e  44%
p -T r ic h lo ro m e th y ll’O nzaldim ine 1%
U n su b stitu te d  N aphthaldim ine
Im lne
«t-N ap h th ald im in e 15.4% 49.5%
-  The w e ig h t o f  th e  p r e c ip i t a te d  in te r m e d ia te  was ta k en  as pure 
com plex fo r  th e  y i e l d  c a lc u la t io n .  The y i e l d  shown was not 
n e c e s s a r i ly  th e  p ercen t o f  n i t r i l e  com plex form ed.
-  T h is  y i e ld  was c a lc u la t e d  from th e  amount o f  n i t r i l e  u sed  in  th e  
r e a c t io n
-  The combined y i e ld  was c a lc u la t e d  by ta k in g  th e  w e ig h t o f  polym er  
i s o l a t e d  as th a t o f  im in e , and adding t h i s  t o  th e  amount o f  monomer 
i s o l a t e d .
CHAPTER V 
SUMMARY
A lthough seco n d a ry  Im lnes and s u b s t i t u t e d  p rim ary  im ines 
have been  s tu d ie d  and c h a r a c te r i z e d ,  v e ry  l i t t l e  a t t e n t i o n  has ev er 
been  p a id  to  th e  u n s u b s t i tu te d  te rm in a l im in e s . These a ld im in es  
a r e  c o n s id e re d  to  be in te rm e d ia te s  in  many o rg a n ic  r e a c t io n s  such  
as th e  G atterm ann a ld eh y d e  s y n th e s is  and th e  r e d u c t io n  o f  n i t r i l e s ,  
b u t ,  due to  th e  d i f f i c u l t y  o f  i s o l a t i n g  them an d , p e rh a p s , la c k  o f  
i n t e r e s t ,  on ly  a v e ry  few o f th e  compounds have been d e s c r ib e d .  T h is  
im p o r ta n t and r e l a t i v e l y  untouched f i e l d  o f a ld im in e  p re p a ra t io n  and 
c h a r a c te r i z a t i o n  was ch o sen  as th e  s u b je c t  o f  th i s  s tu d y .
The g e n e ra l approach  to  im ine p r e p a r a t io n  was a m o d if ic a t io n  
o f  th e  S tephen  a ldehyde  s y n th e s is .  T h is  s y n th e s is  in v o lv e s  th e  form a­
t i o n  o f  a  s t a b l e ,  i s o l a b l e  in te rm e d ia te  com plex from r e a c t io n  o f  a  
n i t r i l e  w ith  a d ie th y l  e th e r  s o lu t io n  o f  s tan n o u s  h a l id e  w hich has been  
s a tu r a t e d  w ith  th e  c o rre sp o n d in g  hydrogen h a l id e .  T his com plex has 
th e  g e n e ra l form , (R-CH^^NH*IK)2 8 0 X4 . D ecom position  o f  t h i s  in te rm e d ia te  
u n d er anhydrous c o n d i t io n s  produces th e  c o rre sp o n d in g  a ld im in e .
A ttem pts w ere made to  p re p a re  n in e te e n  a ld im in e s . In  f iv e  o f  
th e s e  c a se s  a tte m p ts  t o  p re p a re  th e  S tephen  com plex w ere u n s u c c e s s fu l ,  
a l th o u g h  a com plex o f  some k in d  was o b ta in e d  each  tim e . In  a l l  b u t two
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o f  th e  rem a in in g  fo u r te e n  p r e p a ra t io n s  im ine monomer was i s o l a t e d ,  and 
even in  th e s e  c a se s  a po lym eric  s u b s ta n c e  formed from th e  im ine was 
o b ta in e d . The a ld im in es  w ere c h a r a c te r iz e d  by d e te rm in a tio n  o f  p h y s ic a l 
c o n s ta n t s ,  a n a ly s i s  fo r  n i t r o g e n  c o n te n t  and f o r  t o t a l  a l k a l i n i t y ,  
p r e p a r a t io n  o f  d e r iv a t iv e s ,  and s tu d y  o f  t h e i r  i n f r a - r e d  s p e c t r a .
A number o f  compounds needed f o r  th e  im ine s y n th e s is  w ere 
a l s o  p re p a re d . The methods o f  p r e p a r a t io n  a r e  r e p o r te d .
In  a d d i t io n  to  th e  p r e p a r a t iv e  and i d e n t i f i c a t i o n  work 
m en tio n ed , a  s h o r t  s tu d y  o f th e  p o ly m eric  m a te r ia l  formed by im ines 
was made. I t  was found th a t  h y d ro ly s is  o f  th e  polym ers r e s u l t e d  in  
h ig h  y ie ld s  o f  a ldehydes c o rre sp o n d in g  to  th e  monomeric Im ines. U n fo r t­
u n a te ly ,  al7  a tte m p ts  to  o b ta in  th e  im ine monomers from th e  p o lym eric  
su b s ta n c e s  w ere u n s u c c e s s fu l .  I n f r a - r e d  s tu d ie s  o f  polym er fo rm atio n  
su g g e s te d  th a t  th e  polym ers formed in  th e  p re se n c e  o f  h e a t w ere th e  same 
as th o se  i n i t i a t e d  by a d d i t io n  o f  f r e e  r a d i c a l s  and h e a t .  The only  
d i f f e r e n c e  seemed to  be a  f a s t e r  p o ly m e r iz a tio n  r a t e  i n  th e  l a t t e r  c a s e .
Due to  th e  a lm ost com ple te  la c k  o f  in fo rm a tio n  on th e  chem ical 
r e a c t i v i t y  o f  a ld im in e s , p a r t i c u l a r l y  t h e i r  a b i l i t y  to  form a  v a r i e ty  
o f  t i n  c o n ta in in g  com plexes and t h e i r  ten d en cy  to  p o ly m e riz e , p ro g re s s  
on t h i s  problem  has no t been  r a p id .  Now th a t  many o f  th e  d i f f i c u l t i e s  
in  p r e p a r a t io n  and i s o l a t i o n  have been  s o lv e d ,  th e  way i s  open fo r  some 
v e ry  i n t e r e s t i n g  s tu d ie s  in  th e  f u tu r e .  Among th o se  w hich shou ld  be 
p a r t i c u l a r l y  im p o rtan t and f r u i t f u l  a r e  com parisons o f  s t e r i c  e f f e c t s  
in  in f lu e n c in g  y ie ld  and compound s t a b i l i t y ,  and s tu d ie s  o f  in d u c tiv e  
e f f e c t s  on im ine r e a c t i v i t y .  The a u th o r  hopes th a t  i n t e r e s t  and work 
on th e s e  compounds does n o t end w ith  t h i s  d i s s e r t a t i o n .
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